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( i )
S U M M A R Y
The l i t e r a t u r e  on t h e  l i g h t  f a s t n e s s  o f  d y e s  i s  f i r s t  
rev iew ed *
I n  t h e  f i r s t  p a r t  o f  t h e  p r e s e n t  i n v e s t i g a t i o n  p r e v io u s  
work u p o n  t h e  i n f l u e n c e  o f  t h e  s u b s t r a t e  on t h e  n a t u r e  o f  
t h e  f a d i n g  r e a c t i o n  h a s  b ee n  fo l lo w e d  u p ;  i n  t h i s ,  a  s e r i e s  
o f  w a t e r - i n s o l u b l e  b e n z e n e -a 20 - 2- n a p h t h o l  d y e s ,  s u b s t i t u t e d  
i n  t h e  b en z en e  n u c le u s  m eta-* and p a r a -  t o  t h e  azo  g ro u p  h a s  
b ee n  i n t r o d u c e d  i n t o  c a s t  c o l l o d i o n  f i l m s  and fad ed *  The 
r e s u l t s  a r e  d i s c u s s e d ,  t a k i n g  a c c o u n t  o f  t h e  s i g n  o f  t h e  
g r a d i e n t  o b t a i n e d  f ro m  t h e  c u rv e  o f  r e l a t i v e  f a d i n g  r a t e  
v e r s u s  t h e  Hammett £ -  v a l u e  o f  t h e  s u b s t i t u e n t  g ro up  i n  t h e  
dye* The r e s u l t s  a g r e e  w i th  t h o s e  p r e v i o u s l y  r e p o r t e d ,  and 
i n  a d d i t i o n ,  show much l e s s  random  e r r o r *  The m ain  s o u rc e  
o f  e r r o r  a p p e a r s  to  be t h e  n o n -u n i fo rm  p h y s i c a l  s t a t e  o f  t h e  
d y e s  i n  t h e  s u b s t r a t e s *
The i n f l u e n c e  o f  t h e  p h y s i c a l  s t a t e  o f  t h e  dye h a s  n e x t  
b e e n  i n v e s t i g a t e d ,  w i th  r e f e r e n c e  t o  a  t h e o r e t i c a l  m odel 
s y s te m , d e v e lo p e d  on t h e  b a s i s  o f  o b s e r v a t i o n s  made upon th e  
f a d i n g  o f  c e r t a i n  w a t e r - i n s o l u b l e  d y e s  i n  m a rk e d ly  d i f f e r e n t  
s t a t e s  o f  d i s p e r s i o n  i n  s o l i d  s u b s t r a t e s .  The m odel sys tem  
h a s  b een  a p p l i e d  to  t e s t s  on  w a t e r - i n s o l u b l e  d y es  and  a l lo w s  
l o g i c a l  e x p l a n a t i o n  to  be  g iv e n  f o r  a l l  o b s e rv e d  e f f e c t s .
I t s  a p p l i c a t i o n  h a s  b ee n  e x te n d e d  t o  t h e  c a s e  o f  w a t e r -
(11)
s o l u b l e  d y e s  on s o l i d  s u b s t r a t e s  and  i t  w ould seem fro m  t h e  
d a t a  o b t a i n e d  t h a t  t h e s e  d y e s  a r e  a l s o  p r e s e n t  i n  t h e  f i b r e  
a s  d i s c r e t e ,  s u b -m ic ro s c o p ic  p a r t i c l e s  o r  a g g r e g a t e s ,  t h e  
s i s e  and n a t u r e  o f  w h ich  a r e  d e p e n d e n t  up on  t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  o f  t h e  d y e : s u b s t r a t e  s y s te m .
I n  t h e  f i n a l  s e c t i o n  o f  t h e  work t h e  i n f l u e n c e  o f  t h e  
s u r f a c e  a c t i v i t y  o f  d y e s  upon  t h e i r  l i g h t  f a s t n e s s  h a s  b e e n  
s t u d i e d ,  a l t e r a t i o n s  i n  t h e  s u r f a c e  a c t i v i t y  b e in g  p ro d u ced  
by  ch a n g e s  i n  t h e  s i z e  and fo rm  o f  t h e  h y d ro p h o b ic  r e s i d u e s  
and t h e  p o s i t i o n  o f  t h e  i o n i c  g ro u p s  i n  t h e  dyes*  I t  h a s  
b ee n  c o n c lu d e d  t h a t  t h e  p o s i t i o n  o f  t h e s e  g ro u p s  i n  t h e  dye 
m o le c u le  can  a f f e c t  t h e  l i g h t  f a s t n e s s ,  b y  v i r t u e  o f  i t s  
i n f l u e n c e  upon  t h e  p h y s i c a l  fo rm  w hich  t h e  dye  assum es when 
t h e  s u b s t r a t e  i s  d r i e d  o u t .  T h is  s u g g e s t i o n  i s  s u p p o r te d  
by  t h e  a g reem en t shown w i t h  t h e  p r e d i c t i o n s  o f  t h e  t h e o r e t i ­
c a l  m odel f o r  h e te r o g e n e o u s  dye s y s te m s .  I n  p a r t i c u l a r ,  
d is s y m m e tr ic  dye m o le c u le s ,  w h ich  a r e  b e l i e v e d  t o  fo rm  
m o n o la y e rs  m ost r e a d i l y ,  have  b e e n  o b s e rv e d  t o  g iv e  
r e l a t i v e l y  r a p id  f a d i n g .
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A ppendix  ( i  -  i v )
F i g u r e s  1 - 8 3 .
IITTROTOJCTIOïï
1.
The l i g h t  f a s t n e s s  o f  a  dye i s  n o t  a n  a b s o l u t e  
p r o p e r t y :  i t  d ep en d s  f u r t h e r  on t h e  medium t o  w h ich  i t  h a s
b e e n  a p p l i e d .  I n  r e l a t i o n  t o  t e x t i l e s ,  i t  i s  w e l l  known 
t h a t  t h e  same dye may e x h i b i t  c o n s i d e r a b l e  d i f f e r e n c e s  i n  
f a s t n e s s  p r o p e r t i e s  a c c o r d in g  t o  t h e  n a t u r e  o f  t h e  f i b r e  
w h ich  i s  d y e d ,  and v a r i o u s  o t h e r  f a c t o r s  i n  t h e  s u r r o u n d in g s  
i n  w h ich  d y es  a r e  n o rm a l ly  em ployed . T hese  f a c t o r s  i n c l u d e  
t h e  p r e s e n c e  o f  m o i s tu r e ,  a i r  and  t h e  i m p u r i t i e s  t h e r e i n ,  
t h e  n a t u r e  and  i n t e n s i t y  o f  t h e  I l l u m i n a t i o n ,  t h e  n a t u r e  o f  
t h e  s u b s t r a t e ,  and th e  p h y s i c a l  s t a t e  o f  b o th  t h e  d y e  and 
t h e  s u b s t r a t e .
The work o f  t h e  p r e s e n t  t h e s i s  h a s  b e e n  c o n c e rn e d  
m a in ly  w i th  t h e  i n f l u e n c e  o f  t h e  p h y s i c a l  s t a t e  o f  t h e  dye 
i n  th e  s u b s t r a t e  on  t h e  l i g h t  f a s t n e s s ,  a n d ,  t o  a  l e s s e r  
e x t e n t ,  w i th  t h e  i n f l u e n c e  o f  t h e  s u b s t r a t e  on t h e  f a d i n g  
r e a c t i o n .
The a v a i l a b l e  l i t e r a t u r e  on l i g h t  f a d i n g  h a s  b ee n  
s u rv e y e d  and i s  sum m arised  b e lo w , e m p h a s is in g  p a r t i c u l a r l y  
t h e  f a d i n g  o f  d y es  u n d e r  p r a c t i c a l  c o n d i t i o n s .
2.
THE lîEOHANISM OF LIGHT FADING.
The a b s o r p t i o n  and d i s s i p a t i o n  o f  l i g h t  e n e r g y .
P h o to c h e m ic a l  r e a c t i o n s  u s u a l l y  d i f f e r  fro m  th e rm a l  
o n e s  i n  t h a t  t h e  e n e rg y  o f  a c t i v a t i o n  i s  w a s t e f u l l y  
em ployed , t h e  e n e rg y  n ee d ed  f o r  t h e r m a l  a c t i v a t i o n  r a r e l y  
b e in g  l a r g e  enough to  r a i s e  t h e  m o le c u le s  t o  e l e c t r o n i c a l l y  
e x c i t e d  l e v e l s ,  th ro u g h  w h ich  m echanism  p h o to c h e m ic a l  
a c t i v a t i o n  a lw a y s  p r o c e e d s .  T hese  l a t t e r  r e a c t i o n s  a r e  
i n i t i a t e d  by  t h e  a b s o r p t i o n  o f  l i g h t  e n e rg y  i n  t h e  h ig h  
i n t e n s i t y  r e g io n s  o f  t h e  sp e c tru m  o f  t h e  a b s o r b i n g  s u b s t a n c e ,  
c o r r e s p o n d in g  t o  t h e  ^ p e r m i t t e d ” t r a n s i t i o n s  b e tw e en  s i n g l e t  
l e v e l s .  Bowen h a s  s u g g e s te d  t h a t ,  i n  a d d i t i o n ,  t h e  e x c i t e d  
s i n g l e t  l e v e l  may p a s s  on  t o  a  t r i p l e t  l e v e l  w h ich  may be  
c h e m ic a l ly  more r e a c t i v e  and have  a  much l o n g e r  mean l i f e ­
t im e  t h a n  t h e  e x c i t e d  s i n g l e t  l e v e l .  He f u r t h e r  p o i n t e d
o u t  t h a t  t h e  v e r y  low  quantum  y i e l d  o f  a  p h o t o r e a c t i o n  su c h
-.6a s  t h a t  o f  dye f a d i n g  (10"" ) may q u i t e  p o s s i b l y  be  due t o  
t h e  low  p r o b a b i l i t y  o f  s u c h  e  ”f o r b id d e n «  t r a n s i t i o n  t a k i n g  
p l a c e  r a t h e r  t h a n  t o  t h e  v e r y  s h o r t  l i f e  o f  t h e  e x c i t e d  
s i n g l e t  l e v e l .  Lew is h a s  a l s o  c o n s i d e r e d  t h e  d i r e c t  
t r a n s i t i o n  fro m  s i n g l e t  g round  l e v e l  t o  t r i p l e t  l e v e l *
The l i g h t  e n e rg y  a b so rb e d  b y ,  l e t  u s  s a y ,  a  d y e -m o le c u le  
may b e  r e - e m i t t e d  a s  r e s o n a n c e  o r  f l u o r e s c e n c e  r a d i a t i o n ;
t h e  e l e c t r o n i c  e n e rg y  may be d e g ra d e d  by c o l l i s i o n a l  o r  
o t h e r  p r o c e s s e s  i n t o  h e a t  e n e rg y ;  o r  t h e  e x c i t e d  m o le c u le  
may e n t e r  i n t o  c h e m ic a l  r e a c t i o n  o r  may d i s s o c i a t e *  Bowen 
h a s  p r e s e n t e d  a  num ber o f  fo rm a l  scheme© t o  e x p l a i n  t h e s e  
l a t t e r  " e l e c t r o n  t r a n s f e r "  r e a c t i o n s *
The dye m o le c u le  e i t h e r  i n  t h e  e x c i t e d  s i n g l e t
l e v e l  o r  i n  t h e  t r i p l e t  l e v e l ,  may r e a c t  w i th  e i t h e r  
r e d u c i n g  a g e n t  A a n d / o r  o x i d i s i n g  a g e n t  B t o  g iv e  t h e  
c o r r e s p o n d in g  re d u c e d  Bf o r  o x i d i s e d  d y e - r a d i c a l  i o n ,  
t h u s : -
i F  + A  tT  ♦
] f  + B -------^ D* + A”
The e x i s t e n c e  o f  f r e e  r a d i c a l s  i n  t h e  fo rm  o f  dye m o le c u le s  
r a t h e r  t h a n  H a tom s o r  OH r a d i c a l s  ha© b e e n  d e m o n s t r a te d  by  
E l l i s o n  and R id e a l  who d e t e c t e d  t h e i r  p r e s e n c e  by t h e  
p o l y m e r i s a t i o n  o f  m e th y lm e th a c r y la t e  p r e s e n t  i n  t h e  dye 
s o l u t i o n ,  on  i l l u m i n a t i o n  and to  some e x t e n t  ev en  i n  t h e  
d a r k .
A d l© m u ta t io n  r e a c t i o n  may o c c u r ,
i F  + D  D* + D"
and t h e  i o n s  so fo rm ed  may r e a c t  f a r t h e r  t o  g iv e  a  s e m i-  
q u in o n e  i o n i s a t i o n ,
tT  + H*------- ^  DH
4.
o r ,  r e f o r m a t io n  o f  t h e  d y e ,  e i t h e r
D~ + B ----------^  D + B'
o r  BH + D* ^ 2D ♦ H*
o r  DH + Og D + H* ♦ Og
o r  DH *  A* " D + E* + A
o r  D* + A  D + A*
B e s t r u o t i o n  o f  t h e  dye may t a k e  p la c e  w i th  t h e  f o r m a t io n  
o f  o x i d a t i o n  p r o d u c t s ,
+ O g -----------o x i d a t i o n  p r o d u c t s ,
and t h e  i o n s  fo rm ed  o t h e r  t h a n  dye i o n s  may a l s o  r e a c t  w i th  
e a c h  o t h e r  t o  fo rm  f a r t h e r  s t a b l e  o x i d a t i o n  p r o d u c t s ,  t h u s s -
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p  o x i d a t i o n  p r o d u c t s
Two o r  more o f  t h e s e  r e a c t i o n s  can  t a k e  p l a c e  s im u l­
t a n e o u s l y ,  d e p e n d in g  on e x t r a n e o u s  c o n d i t i o n s  su c h  a s  t h e  
n a t u r e  o f  t h e  s u b s t r a t e ,  l e a d i n g ,  a s  i n  t h e  c a s e  o f  t h e  more 
c o m p l ic a te d  d y e s ,  t o  a  c o m p le x i ty  o f  f i n a l  f a d i n g  p r o d u c t s .  
The s u c c e s s f u l  s e p a r a t i o n  and i d e n t i f i c a t i o n  o f  t h e s e  f a d i n g  
p r o d u c ts  w ould n o t ,  i n  a l l  p r o b a b i l i t y ,  e l u c i d a t e  e n t i r e l y  
t h e  m echanism  o f  f a d i n g ,  a s  any a t t e m p t  t o  name t h e  u n s t a b l e
i n t e r m e d i a t e s  c o u ld  o n ly  b e  h y p o t h e t i c a l .
The e v id e n c e  o f  o x i d a t i o n  i n  l i g h t  f a d i n g ;
The e v id e n c e  o f  o x i d a t i v e  l i g h t  f a d i n g  o f  d y e s  on  
c e l l u l o s e  and r e l a t e d  m a t e r i a l s  i s  c o n s i d e r a b l e ,  o u tw e ig h in g  
t h e  a v a i l a b l e  d a t a  w h e re in  f a d in g  t a k e s  p l a c e  by r e d u c t i o n .  
H a l l e r  and Z i e r a c h ,  f o r  exam ple , o b t a in e d  o x i d a t i o n  p r o d u c t s  
fro m  t h e  f a d i n g  o f  i n s o l u b l e  monoazo d y es  on c o t t o n ,  H L bbert 
o b t a i n e d  1 s a t i n  from  in d i g o  f a d e d  on  c o t t o n ,  w h i l s t ,  more 
r e c e n t l y ,  C ouper i d e n t i f i e d  by ch ro m a to g rap h y  a  v a r i e t y  o f  
o x i d a t i o n  p r o d u c t s  from  t h e  f a d i n g  o f  1 ; 4 -b is (m e th y la m in o  
a n th r a q u in o n e  on  c e l l u l o s e  a c e t a t e .  I t  was o b s e rv e d  by 
H a r r i s o n  t h a t  i n  s u n l i g h t  o r  low  i n t e n s i t y  u l t r a v i o l e t  l i g h t  
t h e  f a d i n g  o f  M ethy lene  B lu e  on c o t t o n  was an  o x i d a t i v e  
r e a c t i o n  and t h a t  a  num ber o f  d y es  d id  n o t  f a d e  i n  s u n l i g h t  
when exposed  i n  e v a c u a te d  o r  n i t r o g e n - f i l l e d  g l a s s  t u b e s .  
Gebhard and L a z a re v  and many o t h e r  i n v e s t i g a t o r s  hav e  a l s o  
shown t h a t  f a d i n g  d o es  n o t  o c c u r  i n  a b s e n c e  o f  a i r  o r  o x y g en , 
th o u g h  t h i s  d o es  n o t  n e c e s s a r i l y  p ro v e  t h a t  f a d i n g  i s  an  
o x i d a t i v e  p r o c e s s .  The o b s e r v a t i o n s  t h a t  o x i d i s i n g  a g e n t s  
a c t  a s  s e n s i t l s e r s  i n  l i g h t  f a d i n g  (p re su m a b ly  on c e l l u l o s i o  
s u b s t r a t e s ) ,  and t h a t  r e d u c in g  a g e n t s ,  o r  t h e  d e c o m p o s i t io n  
p r o d u c t s  fo rm ed  by i r r a d i a t i o n ,  a c t  a s  r e s t r a i n e r s ,  l e d  
M ounier t o  s u g g e s t  t h a t  azo  d y es  a r e  o x i d i s e d  d u r i n g  f a d i n g .  
He n o te d  f u r t h e r  t h a t  t h e  p r o d u c t s  o f  o x i d a t i o n  o f  a z o - d y e s
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by h y d ro g en  p e r o x id e  o r  o t h e r  o x i d i s i n g  a g e n t s  gave  c o lo u r  
r e a c t i o n s  w i th  v a r i o u s  r e a g e n t s ,  s i m i l a r  t o  t h o s e  g iv e n  by 
t h e  p r o d u c t s  o f  a z o -d y e  fa d in g *
B esa i  and G i l e s  have  a l s o  p o in t e d  o u t  t h e  i n c r e a s e d  
l i g h t  f a s t n e s s  im p a r te d  t o  azo  d y e s  on c e l l u l o s e  by  n i t r o - -  
and c h l o r o - s u b s t i t u e n t  g ro u p s ,  w h ich  a l s o  i n c r e a s e  t h e i r  
r e s i s t a n c e  to  o x i d a t i o n .  O th e r  w o rk e r s ,  e . g .  î i n t e  and 
M i l l e r ,  A th e r to n  and S e l t z e r ,  and l a t e r ,  A th e r to n  and 
P e t e r s ,  a l s o  c o n f irm e d  t h e  b e n e f i c i a l  e f f e c t s  o f  t h e s e  
g ro u p s  on l i g h t  f a s t n e s s ,  and t h e  a d v e r s e  e f f e c t s  o f  
e l e c t r o p o s i t i v e  g ro u p s ,  a s ,  f o r  ex am p le , m ethoxy  and m e th y l  
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I t  h a s  b een  r e p o r t e d  by M udrovic  t h a t  t h e  p o ly m e th in  
d y e s  su ch  a s  p y n a c y a n o l  o r  p inach ro m e b l e a c h  much more 
r e a d i l y  i n  t h e  p r e s e n c e  o f  s e n s i t l s e r s ,  su c h  a s  M eth y len e  
B lu e ,  t h a n  i n  t h e i r  a b s e n c e .  The M eth y lene  b lu e  i s  re d u c e d  
t o  t h e  l e u c o  form  and  a c c o r d in g  t o  M udrovic  t h e  p y n a c y a n o l  
i s  o x i d i s e d .  M am ey r e c o r d s  t h a t ,  a f t e r  e x p o s in g  w et 
p a t t e r n s  t o  a r c l i g h t ,  c e r t a i n  v a t  b lu e  d y es  changed  sh ad e  i n  
t h e  d i r e c t i o n  o f  t h e i r  o x i d a t i o n  p r o d u c t s ,  t h e  o r i g i n a l  
s h a d e s  b e in g  r e s t o r e d  by a  weak r e d u c i n g  a g e n t .
The e v id e n c e  o f  r e d u c t i o n  i n  l i g h t  f a d i n g *
T hat c e l l u l o s e  i s  o x i d i s e d  t o  o x y c e l l u l o s e  by sh o r tw a v e  
u l t r a v i o l e t  l i g h t  was d e m o n s t r a te d  by  H a r r i s o n .  The r e a c t i o n
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i o  a c c e l e r a t e d  by t h e  p r e s e n c e  o f  c e r t a i n  d y e s ,  e . g .  B easo  
V i o l e t ,  D iam ine Sky B lu e  PF ( C . I *îîo. 5 1 3 ) ,  and M e th y len e  B lu e ,  
e v e n  i n  v a c u o , and t h e  d y e s  a r e  s im u l t a n e o u s ly  f a d e d ,  
a p p a r e n t l y  by  r e d u c t i o n .  I n d ig o  ( C . I . B o . 1177) and C r y s t a l  
V i o l e t  ( C . I .H o .681) w ere n o t  f a d e d  i n  t h i s  way. I n  o t h e r  
e x p e r im e n ts  i t  a p p e a re d  a l s o  t h a t  n i t r o - g r o u p s  i n  a r o m a t i c  
compounds s u f f e r e d  r e d u c t i o n  i n  u . v .  l i g h t  i n  p r e s e n c e  o f  
c o t t o n ,  b u t  t h a t  am in o -g ro u p  a w ere  o x i d i s e d .  Van Bo s t r a n d  
and  S t i l l i n g s  l a t e r  showed t h a t ,  on e x p o s u re  t o  s h o r tw a v e  
u l t r a v i o l e t  l i g h t ,  c e l l u l o s e  was c o n s i d e r a b l y  d e g ra d e d  b o th  
i n  a  n i t r o g e n  a tm o sp h e re  and t o  a  g r e a t e r  e x t e n t  i n  an  
oxygen  a tm o sp h e re  w i th  a  c o n s e q u e n t  d ro p  i n  t h e  d e g re e  o f  
p o l y m e r i s a t i o n  and a - c e l l u l o s e  c o n t e n t ,  and l i b e r a t i o n  o f  
c a rb o n  m onoxide and c a rb o n  d i o x i d e .
By t h e  G r o t th u s - D r a p e r  la w , o n ly  l i g h t  w h ich  i s  a b s o rb e d  
by  a  s u b s ta n c e  can  c a u se  d e c o m p o s i t io n .  C e l l u l o s e  shows 
s t r o n g  a b s o r p t i o n  o f  sh o r tw a v e  u . v .  l i g h t  ( <  2000 A ) ( E u j l r a i )  
and i t  m ust be t h i s  a b s o r p t i o n  w h ich  c a u s e s  t h e  m arked  p h o to ­
c h e m ic a l  o x i d a t i o n  o f  t h e  f i b r e  u n d e r  t h e  above c o n d i t i o n s .  
I t s  a b s o r p t i o n  o f  l o n g e r  wave r a d i a t i o n s  i s  v e r y  weak o r  n i l ,  
BO t h a t  i n  s u n l i g h t  o r  longw ave u . v .  r a d i a t i o n  l i t t l e  d i r e c t  
p h o to c h e m ic a l  d e g r a d a t i o n  o f  t h e  f i b r e ,  o r  c o n s e q u e n t  r e d u c ­
t i o n  o f  t h e  d y e s  t h e r e o n ,  s h o u ld  o c c u r ,  and o x i d a t i o n  o f  
d y es  sh o u ld  p re d o m in a te  i n  f a d i n g .  I n d e e d ,  H a r r i s o n  n o t i c e d  
t h i s  when u s i n g  M ethy lene  B lu e .  T h e re  i s ,  n e v e r t h e l e s s ,
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Bone e v id e n c e  t h a t  r e d u c t i o n  can  o c c u r  ev en  u n d e r  n o rm a l 
e x p o s u re  c o n d i t io n s *
E o u n ie r ,  and S e y e n i t z  end M oun ier fo u n d  t h a t  c e r t a i n  
n l  t  ro  h y d ro  c a rb o n s  w ere  d e c o lo u r i s e d  when i r r a d i a t e d  on 
c o t t o n ,  s i l k  o r  w o o l.  T h is  r e a c t i o n  was fo u n d  t o  b e  
s e n s i t i s e d  by r e d u c i n g  a g e n t s  and i n h i b i t e d  by  o x i d i s i n g  
a g e n t s ,  and i t  was a t t r i b u t e d  t o  r e d u c t i o n  t o  aaoxy  and 
h y d ro x y azo  compounds, a t  l e a s t  on c o t t o n ,  fro m  w h ich  f a d i n g  
p r o d u c t s  were i s o l a t e d ,  b u t  n o t  d e f i n i t e l y  c h a r a c t e r i s e d .
I t  wao s u g g e s te d  t h a t  s u b s e q u e n t  f a d i n g  m ig h t  be  due t o  
o x i d a t i o n  o f  t h e  l a t t e r .  The r e d u c t i o n  was c o n s id e r e d  to  
t a k e  p la c e  a t  t h e  e x p e n se  o f  t h e  f i b r e  i t s e l f  and o f  some 
o f  t h e  n i t r o  compound. H e u w e ile r  s t u d i e d  t h e  p h o to c h e m ic a l  
b l e a c h i n g  o f  a  l a r g e  num ber o f  d y es  i n  t h e  p re s e n c e  o f  z in c  
o x id e  and E o s in ,  b o th  o f  w h ich  s e n s i t i s e d  t h e  r e d u c t i o n  o f  
t h e  d y es  t o  an  e x t e n s i v e  d e g r e e .  I n  t h e  p r e s e n c e  o f  
Nanodic d e p o l a r i s e r s ” su c h  a s  cane  s u g a r  o r  g l y c e r i n e ,  t h e  
dye V i c t o r i a  B lu e  becomes re d u c e d  to  t h e  l e u c o  fo rm  on 
e x p o s u re  i f  e i t h e r  z i n c  o x id e  o r  E o s in  i s  p r e s e n t ,  t h e s e  
l a s t  s u f f e r i n g  no ch a n g e . Azo d yes  become i r r e v e r s i b l y  
r e d u c e d  t o  am ines u n d e r  a n a lo g o u s  c o n d i t i o n s .  Thus p h o to ­
c h e m ic a l  r e d u c t i o n  r a t h e r  t h a n  o x i d a t i o n  t a k e s  p l a c e .
G e l a t i n  may t a k e  t h e  p l a c e  o f  t h e  a n o d ic  d e p o l a r i s e r .
I n  t h e i r  work on t h e  f a d i n g  o f  am inoazo  d y es  on c e l l u ­
l o s e  a c e t a t e ,  A th e r to n  and S e l t z e r  a t t r i b u t e d  t h e  f a d i n g
9.
r e a c t i o n  t o  o x i d a t i o n ,  b u t  A th e r to n  and P e t e r s  n o t e d  t h a t  
d y e s  c o n t a in i n g  any one o f  t h r e e  p a r t i c u l a r  s u b s t i t u e n t s ,  
v i z # ,  m-BOg, h ad  a n o m a lo u s ly  low  l i g h t
f a s t n e s s  w h ich  th e y  a t t r i b u t e d  t o  t h e s e  g ro u p s  b e in g  
p a r t i a l l y  r e d u c e d  t o  g iv e  compounds more f u g i t i v e  t h a n  t h e  
o r i g i n a l s ,  a s  a  f i r s t  s t e p  i n  f a d in g *
B l a i s d e l l  o b ta in e d  a n i l i n e  and h y d ra so b e n z e n e  a s  f i n a l  
f a d i n g  p r o d u c t s  on i r r a d i a t i o n  o f  a z o b e n z e a e  i n  I s o - o c ta n e #  
h y d ra z o b e n se n e  b e in g  a  l i k e l y  i n t e r m e d i a t e  p r o d u c t  t o  e x p e c t  
i n  t h e  r e d u c t i o n  o f  azo b enzene  t o  a n i l i n e *  W ith  4 - a m in o -4^ 
n i t r o a z o b e n z e n e  i n  i s o p r o p y l  a l c o h o l  t h e  p r o d u c t s  o b t a i n e d  
w ere  a n i l i n e ,  p h e n y le n e d ia m in e  and a c e t o n e ,  t h e  e x p e c te d  
p r o d u c t s  o f  r e d u c t i o n  o f  t h e  dye and o x i d a t i o n  o f  t h e  s o l v e n t ,  
r e s p e c t i v e l y .  W hether r e d u c t i o n  t a k e s  p l a c e  f i r s t  a t  t h e  
n i t r o - g r o u p  o r  a t  t h e  azo  g roup  h a s  n o t  b ee n  s e t t l e d *  The 
r e a c t i o n  i s  assumed t o  f o l l o w  a  f r e e  r a d i c a l  m echanism , t h e  
e x c i t e d  dye i n  ea ch  c a s e  r e a c t i n g  w i th  t h e  s o l v e n t  t o  g iv e  
a  r e d u c e d -d y e  f r e e  r a d i c a l ,  w hich  f u r t h e r  r e a c t s  w i th  t h e  
s o l v e n t  to  g iv e  t h e  s u b s t i t u t e d  h y d r a z i n e ,  t h e  p r o b a b le  f i r s t  
s t a b l e  p r o d u c t  i n  t h e  p h o t o r e d u c t i o n  o f  an  azo  dye t o  i t s  
s u b s t i t u t e d  am ine .
I n  l i g h t  o f  w a v e le n g th  >5400  A ( s u n l i g h t  o r  m erc u ry  
v a p o u r  l i g h t  b e h in d  g l a s s ) ,  w h ich  m ust b e  q u i t e  u n a b s o rb e d  
by  p u re  c e l l u l o s e ,  some p h o t o l y t i c  d e g r a d a t i o n  o f  undyed  
c o t t o n  t a k e s  p l a c e  i n  a i r  o r  oxygen  (E g e r to n  1 9 4 7 ) .  T h is
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h a s  b een  a t t r i b u t e d  e i t h e r  t o  t h e  p r e s e n c e  o f  l i g h t  a b s o r b in g  
i m p u r i t i e s  o r  t o  an  i n i t i a l  th e r m a l  o x i d a t i o n  w hereby  em a il  
num bers o f  a ld e h y d e  o r  c a r b o x y l ! c  a c id  g ro u p s  a r e  i n t r o d u c e d  
i n t o  t h e  c e l l u l o s e  c h a in .  T hese w i l l  a b s o rb  r a d i a t i o n  a t  
l o n g e r  w a v e le n g th s  and so may bo p h o t o l y t i c a l l y  d e g ra d e d ,  
th e r e b y  i n i t i a t i n g  a  c h a in  r e a c t i o n  i n v o l v i n g  o t h e r  p a r t s  o f  
t h e  m o le c u le .  C e r t a i n  po lym ers  can  u n d e rg o  p h o t o l y t i c  
d e g r a d a t i o n  i n  l i g h t  w hich  th e y  do n o t  n o rm a l ly  a b s o r b ,  by 
a  m echanism  o f  t h i s  t y p e  (B u rg e s s ) .  E g e r to n ’ s  o b s e r v a t i o n  
t h a t  th e  e x t e n t  o f  d e g r a d a t i o n  o f  c o t t o n  b e h in d  g l a s s  i s  
n e g l i g i b l e  i n  a b s e n c e  o f  oxygen s u p p o r t s  t h i s  e x p l a n a t i o n .
Even i f  t h e  dye i t s e l f  i s  n o t  a  p h o t o l y t i c  s e n s i t i s e r  
some p h o t o l y t i c  d e g r a d a t i o n  o f  dyed c e l l u l o s i o  f i b r e s  may 
o c c u r  i n  n o rm al s u n l i g h t ,  p ro d u c in g  r e d u c in g  s u b s t a n c e s  
( H a r r i s o n ) , and th u s  a c c o u n t in g  f o r  t h e  r e d u c t i o n  o f  n i t r o -  
g ro u p s  i n  a r o m a t ic  compounds when fa d e d  on s u c h  s u b s t r a t e s *
I t  d o e s  n o t  a p p e a r  t h a t  t h e  f a d i n g  o f  d y es  by r e d u c t i o n  
on s u b s t r a t e s  o t h e r  t h a n  c e l l u l o s i o ,  e . g . , p r o t e i n s ,  h as  
b ee n  o b s e rv e d .  P o ta s s iu m  d i ch ro m â te ,  h ow ever, i s  re d u c e d  
to  ch ro m ic  s a l t s  when i r r a d i a t e d  i n  g e l a t i n  , w h ich  i s  i t s e l f  
i n s o l u b i l i s e d .  B i l t z  and E g g e r t  found  t h a t  t h e  quantum 
y i e l d  o f  ammonium ch rom ate  c o n v e r te d  t o  an  i n s o l u b l e  fo rm  by 
r a d i a t i o n  o f  4360 A i s  0 .5  and t h a t  f o r  t h e  amount o f  g e l a t i n  
r e n d e re d  n o n - s w e l l i n g  i s  0*5• T h is  m eans t h a t  two m o le c u le s  
o f  g e l a t i n  r e a c t  w i th  one m o le c u le  o f  i n s o l u b l e  ch rom ic
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ch ro m a te  t o  g iv e  a  n o n - s w e l l i n g  a d s o r p t i o n  com plex . The 
h y d ro g en  f o r  r e d u c t i o n  was assumed t o  come fro m  t h e  g e l a t i n  . 
T hese  h ig h  v a l u e s ,  com pared r d t h  t h o s e  n o r m a l ly  o b t a i n e d  i n  
dye f a d i n g ,  may mean t h a t  t h e  m echanism  o f  e n e rg y  d i s s i p a t i o n  
by  t h e  e x c i t e d  ch ro m a te  i o n  i s  much le B s  e f f i c i e n t  t h a n  t h a t  
o f  a  dye m o le c u le .
The n a t u r e  o f  t h e  f a d i n g  a g e n t .
A lth o u g h  h y d ro g e n  p e ro x id e  i s  known to  be  p ro d u c ed  i n  
some c i r c u m s ta n c e s  when d y e s  a r e  i r r a d i a t e d ,  l i t t l e  p r e c i s e  
i n f o r m a t i o n  i s  a v a i l a b l e  up on  t h e  n a t u r e  o f  t h e  c h e m ic a l  
s p e c i e s  r e s p o n s i b l e  f o r  t h e  o x i d a t i o n  o r  r e d u c t i o n  o f  any 
ty p e  o f  dye i n  f a d i n g .  T hus, i t  i s  fo rm ed  on  i r r a d i a t i o n  
o f  aqueous  s o l u t i o n s  o f  c e r t a i n  d y e s ,  e . g . ,  E o s in  (C .I .N o .  
768) and F l u o r e s c e i n  (C .I .IT o .7 6 6 )  i n  a i r  (Blum and S p ea lm an ) , 
and by i r r a d i a t i o n  o f  aq u eo u s  serum  a lb u m in  s o l u t i o n  a t  
2536  A. Only i n  t h e  s p e c i a l  c a s e  o f  p h o t o l y t i c  s e n s i t i s a ­
t i o n  o f  c e l l u l o s e  h a s  h y d ro g en  p e r o x id e  b e e n  i d e n t i f i e d  aa  
a  f a d i n g  a g e n t .
On i r r a d i a t i o n  o f  A c r i f l a v i n e  ( C . I .B o .7 9 0 ) ,  d i s p e r s e d  
on d ry  s i l i c a  d u s t  i n  d ry  oxygen a t  low  p r e s s u r e ,  a  v o l a t i l e  
o x i d i s i n g  a g e n t  was fo rm ed  c a p a b le  o f  o x i d i s i n g  l e u c o -  
M a la c h i te  G reen , and w hich  was s u g g e s te d  t o  be  a  m e ta o t a b l e  
fo rm  o f  oxygen  form ed by t r a n s f e r  o f  e n e rg y  fro m  t h e  e x c i t e d  
dye to  oxygen o f  t h e  a i r  ( E g e r t o n ) . The dye was fo u n d  n o t
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t o  fo rm  h y d ro g en  p e r o x id e  on i r r a d i a t i o n  (Z a u ts k y  e t  a l . ) .
C e l l u l o s e  i s  r e a d i l y  t e n d e r e d  by  v i s i b l e  and n e a r  u l t r a ­
v i o l e t  l i g h t  i n  p r e s e n c e  o f  t h e  s o - c a l l e d  p h o t o l y t i c  o e n s i t i -  
s e r s *  The m ost f a m i l i a r  compounds o f  t h i s  t y p e  a r e  c e r t a i n  
v a t  d y es  and t h e  t e n d e r i n g  a c t i o n  th e y  e x e r t  on  c e l l u l o s e  
and  t h e i r  c a t a l y t i c  e f f e c t  i n  f a d i n g  o t h e r  accom pany ing  d y e s ,  
i n  p r e s e n c e  o f  l i g h t  and a i r ,  h a s  b ee n  t h e  s u b j e c t  o f  c o n s id ­
e r a b l e  i n v e s t i g a t i o n .  (E g e r to n ;  S c h o l e f i e l d  and  P a t e l ;  
L a n ig a n ) .  The same e f f e c t  i s  o b t a in e d  i n  p r e s e n c e  o f  z i n c  
o x id e  o r  t i t a n i u m  d i o x i d e ,  w h ich  a b s o rb  n e a r  u l t r a v i o l e t  
l i g h t ,  and a l l  t h e s e  t e n d e r i n g  s u b s t a n c e s ,  w h e th e r  d y e s  o r  
w h i te  p ig m e n ts ,  fo rm  h y d ro g e n  p e r o x id e  when i r r a d i a t e d  i n  
aq u eo u s  s u s p e n s io n .  The a t t a c k  on t h e  c e l l u l o s e  f i b r e  
i t s e l f  (above  3400A. ) h a s  b ee n  shown to  be  due t o  h y d ro g e n  
p e r o x id e  a n d / o r  a c t i v a t e d  oxygen , o r i g i n a t i n g  p r o b a b ly  i n  
t h i s  way, and t h i s  a t t a c k  can  e x te n d  t o  undyed  f i b r e  p la c e d  
v e r y  c l o s e  t o ,  b u t  n o t  i n  c o n t a c t  w i t h ,  t h e  i r r a d i a t e d  dyed 
m a t e r i a l  ( E g e r t o n ) .
O th e r  d y e s ,  p a r t i c u l a r l y  b a s i c  and s u lp h u r  d y es  and t h e  
t h i a z o l e  d i r e c t  dye P r lm u l in e  ( C . I .B o *812) can  a l s o  a c t  a s  
p h o t o l y t i c  s e n s i t l s e r s  f o r  c e l l u l o s e  b u t  t h e  azo  d i r e c t  
c o t t o n  d y es  a p p e a r  t o  have  no s e n s i t i s i n g  a c t i o n ;  i n  f a c t  
th e y  t e n d  t o  d e c r e a s e  t h e  a c t i v i t y .  I n s o l u b l e  azo  d y e s  
show s i m i l a r  I n a c t i v i t y  (A sh to n , C l ib b e n s  and P r o b e r t ) ,  
a l t h o u g h  A sh to n  and P r o b e r t  h av e  r e c e n t l y  shown i n  more
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e x t e n s i v e  t e s t s  t h a t  I n s o l u b l e  azo  d y es  on c o t t o n  d o , i n  
f a c t ,  show t e n d e r i n g  a c t i v i t y ,  b u t  o f  a  m c h  lo w e r  o r d e r  
t h a n  t h a t  a s s o c i a t e d  w i th  a c t i v e  v a t  d y e s .  I n  b o th  c l a s s e s  
o f  dye t h e r e  was o b s e rv e d  t o  be a  d o s o  s t a t i s t i c a l  c o r r e l a ­
t i o n  b e tw een  e x t e n t  o f  f a d i n g  and t e n d e r i n g .  B o th  e f f e c t s  
a r e  i n c r e a s e d  by an  i n c r e a s e  i n  r e l a t i v e  h u m id i ty .  A 
com plex r e l a t i o n  was a l s o  o b s e rv e d  b e tw een  d e g r a d a t i o n  by  
c e r t a i n  v a t  dyes and r e l a t i v e  h u m id i ty ,  s u g g e s t i n g  t h a t  a t  
l e a s t  two d i f f e r e n t  f a c t o r s  may be  r e s p o n s i b l e ,  e a c h  a f f e c t e d  
i n  a  d i f f e r e n t  m anner by h u m id i ty .
B a n fo rd  and Dewar compared t h e  t e n d e r i n g  a c t i v i t y  o f  
v a t  d y es  on c e l l u l o s e  w i th  t h e i r  a b i l i t y  t o  p h o to  s e n s i t i s e  
t h e  a u t o - o x i d a t i o n  o f  t e t r a l i n *  They c o n c lu d e d  t h a t  t h e  
t e n d e r i n g  a c t i o n  i s  c a u sed  by t h e  i n t e r m e d i a t e  f o r m a t io n  o f  
h y d ro g e n  p e r o x id e ,  and have s u g g e s te d  t h a t  t h e  p r im a ry  s t e p  
i s  t h e  o x i d a t i o n  o f  t h e  h y d ro x y l  i o n  by e x c i t e d  d y e ; -
i f  ♦ OET D“  ♦ OH
b e c a u s e  b o th  t e n d e r i n g  and h y d ro g en  p e r o x id e  f o r m a t io n  had  
b e e n  shown to  be  p rom oted  b y  a l k a l i  ( E g e r t o n ) .  The low  
quantum  y i e l d s  would b e  e x p la in e d  by p r im a ry  r e c o m b in a t io n  
o f  D** and OH. The h y d ro x y l  r a d i c a l s  m ig h t o x i d i s e  t h e  
c e l l u l o s e  d i r e c t l y ,  o r  by  f i r s t  com b in in g  t o  fo im  h y d ro g e n  
p e ro x id e *  I n  a b se n c e  o f  w a te r  t h e  I n i t i a l  r e a c t i o n  m ig h t
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(w here  C e l l -H  r e p r e s e n t s  C e l l u l o s e ) .  S in c e  t h e  dye end  
c e l l u l o s e  c a n n o t  d i f f u s e  a p a r t ,  t h e y  can  r e combine more 
r e a d i l y .  T e n d e r in g  c o u ld  b e  supposed  t o  be  due t o i -
Cell"" 4 Og --------- ^  C o l l .O g
O e ll .O g  4 DH C e ll .O g H  + iT
f o l lo w e d  by breakdow n o f  t h e  c e l l u l o s e  p e r o x id e .  Ho 
h y d ro g e n  p e ro x id e  i s  d e t e c t a b l e  u n d e r  d ry  c o n d i t i o n s  
( E g e r t o n ) .  T h is  m echanism  c o u ld  a c c o u n t  a l s o  f o r  t h e  
o b s e rv e d  t e n d e r i n g  o f  c e l l u l o s e  a c e t a t e  and n y lo n  w h ich  a r e  
s t a b l e  to  h y d ro g e n  p e r o x id e ,  and t h e  g r e a t e r  d e g re e  o f  
t e n d e r i n g  o f  n y lo n  c o u ld  b e  a c c o u n te d  f o r  by t h e  p o i n t  o f  
a t t a c k  b e in g  h y d ro g en  a tom s on c a rb o n  a tom s a d j a c e n t  t o  a  
c a rb o n y l  g ro u p .  T h is  would b r e a k  t h e  m o le c u la r  c h a in  o f  
n y lo n ,  b u t  n o t  t h a t  o f  c e l l u l o s e  a c e t a t e .
The n a t u r e  o f  t h e  f a d i n g  r e a c t i o n .
A c o n s i d e r a b l e  amount o f  d i s c u s s i o n  h a s  b een  d e v o te d  
to  t h e  a c t u a l  m echanism  by w h ich  d y es  b r e a k  down u n d e r  
i r r a d i a t i o n ,  b u t  much o f  i t  i s  s p e c u l a t i v e  and I n c o n c l u s i v e ,  
th o u g h  t h e  c o n se n su s  o f  o p in io n  seem s t o  b e  t h a t  some fo rm  
o f  a c t i v a t e d  oxygen  o r  a  f r e e  r a d i c a l  d e r iv e d  from  w a te r  o r
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h y d ro g e n  p e r o x id e  i s  i n v o l v e d .  E U l s o n  and  H i d e a l ,  who 
m easu red  t h e  p ho to  c u r r e n t s  p ro d u ced  b y  i l l u m i n a t i n g  a  
p la t in u m  e l e c t r o d e  c o a te d  w i th  a d s o rb e d  d y e s  o f  t h e  azo  and 
t r i p h e n y l  m ethane  c l a s s e s  and im m ersed  i n  aq u e o u s  s o l u t i o n s ,  
o b s e rv e d  t h a t  e i t h e r  o x i d a t i o n  o r  r e d u c t i o n  o f  dye can  o c c u r  
a c c o r d i n g  t o  t h e  e x p e r im e n ta l  c o n d i t i o n s .  The two r e a c t i o n s  
a r e  q u i t e  d i f f e r e n t  and may p ro c e e d  i n d e p e n d e n t l y  o f  one 
a n o t h e r .  The dye was fo u n d  to  b e  re d u c e d  o n ly  when i n  
im m ed ia te  c o n t a c t  w i th  t h e  e l e c t r o d e ,  b u t  o x i d a t i o n  c o u ld  
o c c u r  ev en  a t  some d i s t a n c e  t h e r e f r o m ,  i n  t h e  b u lk  o f  t h e  
s o l u t i o n  o r  c o n ta in e d  i n  a  f i l m  c o a t i n g  on t h e  e l e c t r o d e .
The a u t h o r s  c o n c lu d e d  t h a t  r e d u c t i o n  to o k  p l a c e  by 
d i r e c t  t r a n s f e r  o f  an  e l e c t r o n  from  th e  e l e c t r o d e  t o  t h e  
e x c i t e d  dye m o l e c u l e i -
D* + + e ------------DH-
O x l â a t i o n ,  how ever, f o l lo w e d  a  q u i t e  d i f f e r e n t  c o u r s e ,  t h e  
dye r e a c t i n g  w i th  e i t h e r  h y d ro x y l  i o n s  o r  w a te r  m o le c u le s  
i n  t h e  h u l k  o f  t h e  s o l u t i o n : -
D ♦ hv  --------- ^
i f  ♦ HOH DOH- ♦ H -
The m echanism  may be e x p r e s s e d  d i a g r a m a t i c a l l y  f o r  a  
t y p i c a l  azo  d y e ; -
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I t  was f u r t h e r  s u g g e s te d  t h a t  t r ip h e n y lm e th a n e  d y e s  
f o l l o w  a s i m i l a r  scheme e x c e p t  t h a t  t h e  o x i d a t i o n  l e a d s  t o  
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E2 O a t  t h e  e l e c t r o d e  
and i n  s o l u t i o n
O x id a t io n  p r o d u c t s  
4- 2H.
L e u c o -b a s e .
Under c e r t a i n  c o n d i t i o n s  ph o to -^ox id a t i o n  may b e  m asked
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by  p h o to r e d u o t i o n ,  e . g . ,  when th e  r a t e  o f  r e d u c t i o n  i s  
i n c r e a s e d  by an  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  h y d ro g e n  i o n s  
i n  a c id  s o l u t i o n ,  ao a b o v e .
The a u t h o r s  s u g g e s t  t h a t  a  low v a lu e  f o r  t h e  quantum  
e f f i c i e n c y  o f  dye f a d i n g  i n  s o l u t i o n  can  b e  a c c o u n te d  f o r  
a s  f o l l o w s .  I n  s o l u t i o n  i n  t h e  a b s e n c e  o f  a n  e l e c t r o d e ,  
o x i d a t i o n  may t a k e  p l a c e  u n t i l  a  p h o t o - s t a t i o n a r y  s t a t e  i s  
e s t a b l i s h e d  c o n t a i n i n g  a  f i n i t e  num ber o f  f r e e  h y d ro g e n  
a to m s , and v/hen i l l u m i n a t i o n  i s  i n t e r r u p t e d  t h e  o x i d i s e d  
dye i s  re d u c e d  by t h e  h y d ro g en  a tom s t o  r e s t o r e  t h e  o r i g i n a l  
e q u i l i b r i u m .  T h is  can  bo p r e v e n te d  and t h e  f a d i n g  made 
I r r e v e r s i b l e  o n ly  i f  t h e  h y d ro g en  a tom s a r e  rem oved by  a  
s i d e  r e a c t i o n ,  t h e  moot l i k e l y  b e in g  r e a c t i o n  w i t h  oxygen  t o  
g iv e  HOg r a d i c a l s ,  w h ich  may r e a c t  f u r t h e r  t o  g iv e  BgOg#
B oth  t h e s e  r e a c t i o n s  have  low e f f i c i e n c y ,  so  t h a t  t h e  n e t  
r a t e  o f  f o r m a t i o n  o f  o x i d i s e d  dye i s  lo w .
The c o n d i t i o n s  on a  t e x t i l e  f i b r e  a r e  c o n s id e r e d  by t h e  
a u t h o r s  t o  be  v e r y  s i m i l a r  t o  t h o s e  i n  aq u e o u s  s o l u t i o n  and 
some h y d ro x y l  r a d i c a l s  may be s u p p l i e d  by t h e  f i b r e  m o le c u le s  
t h e m s e lv e s ,  e . g . ,  c e l l u l o s e  f i b r e s  w h ich  p o s s e s s  a  l a r g e  
num ber o f  h y d ro x y l  g ro u p s .  I n  c e r t a i n  s o l v e n t s  w h ich  g iv e  
h y d ro g en  a to m s more r e a d i l y  t h a n  h y d ro x y l  r a d i c a l s ,  f a d i n g  
may t a k e  p l a c e  by t h e  r e d u c t i v e  m echanism  ( B l a i s d e l l ) .
T hese  s u g g e s t i o n s  a g r e e  w i th  t h e  i n d i c a t i o n s  t h a t  f a d i n g  
on  c e l l u l o s i c  f i b r e s  i n v o l v e s  dye o x i d a t i o n ,  and  a l s o  w i th
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t h e  known f a c t  t h a t  f a d i n g  i s  u s u a l l y  a c c e l e r a t e d  by i n c r e a s e  
i n  m o i s tu r e  c o n te n t  o f  t h e  f i b r e ,  m o i s tu r e  b e i n g  e s s e n t i a l  t o  
t h e  f a d i n g  o f  d i r e c t  dy es  on c o t t o n  (B ro ra i l ie )*  The f a c t  
t h a t  t h e  p r e s e n c e  o f  oxygen h a s  s e v e r a l  t im e s  been  shown t o  
b e  n e c e s s a r y  b e f o r e  f a d i n g  on f i b r e s  can  o c c u r  i s  n o t  
a c c o u n te d  f o r ,  how ever, u n l e s s  t h i s  p ro m o te s  a  d i f f e r e n t  ty p e  
o f  f a d i n g  when no w a te r  e x c e p t  t h a t  w h ich  i s  v e r y  f i r m l y  
bound i s  p r e s e n t  i n  t h e  f i b r e .
The m echanicm  o f  breakdow n o f  t h e  azo  g rou p  h a s  n o t  y e t  
b ee n  d e te r m in e d .  A th e r to n  and S e l t s e r ,  p u r e l y  s p e c u l a t i v o l y ,  
s u g g e s te d  t h e  i n i t i a l  f o r m a t io n  o f  an  azoxy  compound, and 
B e sa i  and G i l e s  s u g g e s te d  t h a t  t h e  h y d r a s  one fo rm  o f  t h e  dye 
i s  a t t a c k e d  by h y d r o l y s i s  t o  g iv e  a  q u in o n e  and a  p h e n y l -  
h y d r a s in e  d e r i v a t i v e  w h ich  o x i d i s e s  f u r t h e r  t o  a  d i a s o  com­
pound, t h u s  a c c o u n t in g  f o r  th o  r e p o r t e d  d e t e c t i o n  o f  d ia a o  
compound and q u in o n e  a f t e r  f a d i n g  ( H a l l e r  and Z i e r s c h ) .
Rowe and R a n g e r f i e ld  had s u g g e s te d  a  s i m i l a r  h y d r o l y t i c  
m echanism  to  a c c o u n t  f o r  t h e  b reak d o \m  o f  some azo  d y es  i n  
b o i l i n g  w a te r  o r  a c i d .  3 ? ie ra -D av id  e t  a l . h av e  r e p o r t e d
t h a t  t h e  h y d r o l y s i s  o f  t h e  nzo d y e ,  s u l p h a n i l i c  a c id  .......
H -n a p h th o l  by aqueo us  a c i d s  p ro m o te s  p r im a ry  f i s s i o n  a t  t h e
l i n k  o f  t h e  h y d ra zo n e  fo rm , and t h i s  c a n  g iv e  a  q u in o n e  
and h y d r a z in e s u lp h o n io  a c i d ,  w h ich  l a t e r  l o s e s  ammonia t o  
fo rm  th o  a m in o -s u lp h o n io  a c i d .  B ut t h e  azo  form  can  a l s o  
r e a r r a n g e  t o  g iv e  a  s u b s t i t u t e d  am in o q u in o n o , w h ich  l a t e r
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d e c o n p o sê s  i n t o  a  h y d ro x y q u in o n e  and s u l p h a n i l i o  a c i d .  
Burawoy e t  a l . h ave  shown, h o w ever, t h a t  t h o s e  g ro u p s  w h ich  
g e n e r a l l y  r e t a r d  o x i d a t i v e  f a d i n g ,  e . g . ,  i n c r e a s e  t h e
p r o p o r t i o n  o f  h y d ra zo n e  ta u to m o r  o f  c e r t a i n  d y e s  I n  c e r t a i n  
s o l v e n t s .  I f  t h i s  i s  a l s o  t r u e  o f  t h e  d y e s  i n  t h e i r  s o l i d  
s t a t e  i n  th o  f i b r e ,  i t  would moan t h a t  t h e  a so  and n o t  t h e  
h y d ra z o n e  ta u to m e r  i s  t h e  fo rm  m o st r e a d i l y  a t t a c k e d .
The quantum  e f f i c i e n c y  o f  th o  l i g h t  f a d i n g  o f  d y e s .
I t  h a s  s e v e r a l  t im e s  b ee n  r e p o r t e d  t h a t  t h e  quantum  
e f f i c i e n c y  o f  n o rm a l dye f a d i n g  i s  v e r y  lo w , b u t  no e x a c t  
d e t e r m i n a t i o n  o f  t h e  e f f i c i e n c y  a t  d i f f e r e n t  w a v e le n g th s  
h a s  b e e n  p u b l i s h e d  and o n ly  i s o l a t e d  n o t e s  a r e  a v a i l a b l e .  
Some re m a rk a b le  v a r i a t i o n s  i n  e f f i c i e n c y  h av e  b e e n  o b s e rv e d  
by C o l l i n s  i n  a  s tu d y  o f  t h e  f a d i n g  o f  c e r t a i n  c o l o u r -  
d e v e lo p e d  d y e 8 i n  g e l a t i n  . The quantum  e f f i c i e n c y  h e r e  
was a t  a  maximum i n  t h e  n e a r  u l t r a v i o l e t  and f e l l  t o  a lm o s t  
z e ro  i n  t h e  c e n t r e  o f  t h e  v i s i b l e  r e g i o n ,  a t  w h ich  p o i n t  
th o  e n e r ^ r  i s  c a .  50 k c a l .  p e r  quantum , w h ich  i s  s u f f i c i e n t  
t o  b r e a k  a  bond su ch  a s  0 -0  ( B u r g e s s ) ,  and m ig h t  t h e r e f o r e  
be e x p e c te d  t o  h ave  some e f f e c t  u p o n  a  d y e .
A n o te  by  A th e r to n  ( i n  t h e  d i s c u s s i o n  on t h e  p a p e r  by 
A th e r to n  and S e l t z e r )  g iv e s  some d a t a  b a s e d  on  th e  r e l a t i o n  
b e tw een  t h e  q u a n t a l  e n e r g i e s  a t  t h e  v a r i o u s  w a v e le n g th s  o f  
maximum l i g h t  a b s o r p t i o n ,  i n  t h e  s e r i e s  o f  s e v e n  s i m i l a r
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monoazo d y e s  u s e d  i n  t h e i r  m a in  i n v e s t i g a t i o n ,  and t h e i r  
i n i t i a l  d e s t r u c t i o n  r a t e s .  A lth o u g h  t h e s e  d a t a  a r c  n o t  
v e r y  c o n c lu s i v e ,  t h e  a u t h o r  s a y s  t h e y  may p e r h a p s  show t h a t  
t h e  p h o t o r e a c t i o n  i s  m ost r a p i d  i n  t h e  r e g i o n  4400-4450  A. 
T h a t f a d i n g  i n c r e a s e d  b o t h  w i th  i n t e n s i t y  o f  u l t r a v i o l e t  
r a d i a t i o n  and  w i th  d e c r e a s e  i n  i t s  w a v e le n g th ,  was demon­
s t r a t e d  b y  H i l l  i n  1927 by  e x p o s in g  a  number o f  dyed w o o l le n  
p a t t e r n s  t o  m e rc u ry  v a p o u r  l i g h t  u n d e r  s e v e r a l  v a r i e t i e s  o f  
g l a s s .  B l a i s d e l l  r e p o r t s  i n  t h e  d i s c u s s i o n  on  a  p a p e r  by  
M orton  t h a t  c e l l u l o s e  a c e t a t e  and T e ry le n e  f i l m s , dyed  w i th  
a  num ber o f  d i s p e r s e  t y p e  monoazo d y e s ,  and ex p o sed  a t  t h e  
f o c a l  p la n e  o f  a  s p e c t r o g r a p h  i n  m e rc u ry  v a p o u r  i l l u m i n a t i o n ,  
showed g r e a t e s t  f a d i n g  a t  t h e  5030 and 3130 A. l i n e s  and 
i n a p p r e c i a b l e  f a d i n g  a t  4050 end 4350 A. F o r  th o  y e l lo w  
and o ro n g e  d y e s  t h e  m o st a c t i v e  w a v e le n g th s  a c t u a l l y  c o r r e s ­
ponded  t o  a  minimum o f  a b s o r p t i o n  o f  t h e  d y e - f i l m  s y s te m .
I t  was r e p o r t e d  by M orton  t h a t  many d y es  f a d e  by t h e  a c t i o n
o f  a  c o m p a r a t iv e ly  n a r ro w  band  o f  w a v e le n g th s  n e a r  t h e
a b s o r p t i o n  maximum o f  t h e  d y e ,  and t h a t  v i s i b l e  and  n o t
u l t r a v i o l e t  l i g h t  i s  t h u s  r e s p o n s i b l e ,  th o u g h  h i s  l i g h t  d id
n o t  e x te n d  t o  s h o r t e r  w a v e le n g th s  t h e n  3650 A. W ith  d i r e c t  
d y e s  on  c o t t o n ,  a f t e r t r e a t e d  w i th  F i b r o f i x ,  t h e  f a d i n g  
depended  p r i m a r i l y  on t h e  r a d i a t i o n  (3 4 0 0 -5 9 0 0 A .) a b s o rb e d  
by  t h e  f i x i n g  a g e n t  I t s e l f .
R e c e n t l y ,  M c la re n  h a s  r e p o r t e d  t h a t  o r g a n i c  c o l o u r i n g
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m a t t e r s  a r e  f a d e d  by a b so rb e d  u l t r a v i o l e t  and v i s i b l e  
r a d i a t i o n  up  to  a  c r i t i c a l  w a v e le n g th ,  above w h ich  r a d i a t i o n  
i s  n o n - a c t i n i c  ev en  i f  s t r o n g l y  ab so rb e d *  He a l s o  o b s e rv e d  
t h a t  t h i s  w a v e le n g th  was r e l a t e d  t o  t h e  n o rm a l  l i g h t  f a s t n e s s  
o f  t h e  c o l o u r i n g  m a t t e r ,  "normal** r e f e r r i n g  t o  t h e  s u b s t r a t e  
f o r  w h ich  i t  was o r i g i n a l l y  d e v e lo p e d .  The c r i t i c a l  wave­
l e n g t h  d e c r e a s e s  a s  t h e  r e s i s t a n c e  t o  f a d i n g  i n c r e a s e s ,  b e in g  
i n  t h e  re d  when t h e  l i g h t  f a s t n e s s  i s  1 -2  (minimum) and  i n  
t h e  b l u e  when i t  i s  6 -8  (maximum), t h e r e  b e in g  some 
e x c e p t i o n s .
Bamford and  Dewar m easu red  t h e  quantum  y i e l d  o f  a  p h o to -  
s y n t h e s i s e d  p r o c e s s  o f  a u t o - o x i d a t i o n  o f  t e t r a l i n  i n  p r e s e n c e  
o f  C ibanone Y ello w  R a t  4500 A. and  4000 A. and fo u n d  i t  t o  
bo  0 .0 0 7  and 0 .0 5  r e s p e c t i v e l y .  The quantum  y i e l d  f o r  
t e n d e r i n g ,  u s i n g  a  s e r i e s  o f  v a t  d y e s ,  was o f  t h e  o r d e r  o f
10“ 5.
L u sz c sa k  and Z u k r i e g e l  u s e d  t h e  c o n c e n t  r a t  e d -  s u n l i  g h t  
i n s t r u m e n t  ( " H e l i o t e s t " )  t o  d e te r m in e  t h e  r e l a t i v e  f a d i n g  
r a t e s  o f  some o f  t h e  b l u e  d y es  o f  t h e  German l i g h t  f a s t n e s s  
s t a n d a r d s  (n o s .  1 , 5 * 4 , 6 ) .  They o b s e rv e d  t h a t  e a c h  dye fa d e d  
m a in ly  i n  a  p a r t i c u l a r  waveband a p p r e c i a b l y  g r e a t e r  t h a n  t h a t  
o f  th o  u l t r a v i o l e t  a b s o r p t i o n  maximum( 7 \ ) .  T h is  band  h a s  a  
f a i r l y  d e f i n i t e  b o u n d a ry  a t  2 A , s e p a r a t i n g  i t  from  l o n g e r  
w a v e le n g th s  t h a t  a r e  a lm o s t  d e v o id  o f  f a d i n g  a c t i o n .  T h is  
phenomenon i s  e x p la in e d  i n  t h e  f o l l o w i n g  t e r m s ;  l a b i l e
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i n t e r m e d i a t e  s u b s t a n c e s  a r e  a l s o  fo rm ed  by  r a d i a t i o n  w h ich  
p ro d u c e s  f a d i n g ,  b u t  t h e y  u n d e rg o  f u r t h e r  c h a n g e s ,  i n  t h e  
c o u r s e  o f  w h ich  e n e rg y  i s  made a v a i l a b l e  a s  a  s m a l l e r  num ber 
o f  l a r g e r  q u a n ta ,  t h a n  t h a t  a b s o r b e d ,  p r o b a b ly  a s  u l t r a ­
v i o l e t  l u m in e s c e n c e .  T hese  q u a n ta  t h e n  c o r re s p o n d  t o  w ave- 
l e n ^ h s  w i t h i n  t h e  u l t r a v i o l e t  a b s o r p t i o n  band  o f  t h e  dye 
and p ro d u ce  f a d i n g .  S u p p o r t in g  e v id e n c e  i s  g iv e n  b y  t h e  
te m p o ra ry  d a r k e n in g  shown by one o f  t h e  s t a n d a r d s  on 
i r r a d i a t i o n ,  and  by " f a d i n g  a t  a  d i s t a n c e "  e f f e c t s .
The i n f l u e n c o  o f  t h e  c o m p o s i t io n  o f  t h e  s u r r o u n d in g
a tm o sp h e re  on l i g h t  f a d i n g .
Howe end C h am b erla in  h ave  shown t h a t  t h e  "g a s  fumo 
f a d in g "  o f  a c e t a t e  ra y o n  dyed w i th  c e r t a i n  b l u e  end v i o l e t  
a n th r a q u in o n e  d y es  i s  due t o  t h e  com bined e f f e c t s  o f  s u l p h u r  
d io x id e  and n i t r o u s  fum es ( o f t e n  form ed by t h e  c o m b in a t io n  
o f  n i t r o g e n  and oxygen  i n  t h e  n e ig h b o u rh o o d  o f  b u r n in g  g a s  
f l a m e s ) .  The p r o d u c t s  o f  g a s  fume f a d i n g  have  b een  shown 
by  Couper t o  r e se m b le  t h o s e  o f  t h e  l i g h t  f a d i n g  o f  t h e  same 
d y e . Gas fume f a d i n g  i s  n o t  o b s e rv e d  t o  any n a rk e d  d e g re e  
w i th  d y e s  o r  f i b r e s  o t h e r  t h a n  th o s e  m e n t io n e d  above*
The i n f l u e n c e  o f  t e m p e r a tu r e  and h u m id i ty  on l i g h t  f a d i n g *
A r e d u c t i o n  i n  t h e  m o i s tu r e  c o n t e n t  ( r e g a i n )  o f  a  dyed
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f i b r e  d e c r e a s e s  th e  f a d in g  r a t e ,  h en ce  t h e  im p o r ta n c e  o f  t h e  
t e m p e r a tu r e  end h u m id ity  o f  t h e  a tm o s p h e re ,  an  i n c r e a s e  i n  
t e m p e r a tu r e  p r o p o r t i o n a t e l y  d e c r e a s i n g  t h e  h u m id i ty .
I n  t h i s  c o n n e c t io n  Hedges o b ta in e d  a  s e r i e s  o f  h u m id i ty  
v a l u e s  by p l a c i n g  aqueous s o l u t i o n s  o f  g l y c e r o l  o r  c e r t a i n  
s a l t s  i n  s m a l l  b o x es  c o n t a i n i n g  h o r i z o n t a l l y  f i x e d  dyed  
p a t t e r n s  b e h in d  a  V i t a - g l a s s  window f o r  e x p o s u re  t o  a  
"H anov ia"  q u a r t z  m e rc u ry -v a p o u r  lamp* The d e g r e e s  o f  f a d i n g  
o f  a  s e r i e s  o f  p a t t e r n s  exposed  u n d e r  d i f f e r e n t  c o n d i t i o n s ,  
a f t e r  a  g iv e n  p e r io d  o f  t im e ,  w ere  d e te r m in e d  by u s e  o f  a  
Iiov ibond  t i n t o m e t e r .  The m o is tu r e  c o n t e n t  and  t h e  e f f e c t  o f  
t e m p e r a tu r e  change a t  v a r i o u s  h u m i d i t i e s  w ere  o b s e rv e d  and 
t h e  t e m p e r a tu r e  c o e f f i c i e n t s  c a l c u l a t e d  a t  v a r i o u s  te m p e ra ­
t u r e s  o v e r  t h e  ra n g e  1 0 -5 0^0 . The v a l u e s  o b t a i n e d  w ere 
s m a l l ,  l y i n g  be tw een  I . 0 5  and 1*12, and a r e  o f  t h e  same o r d e r  
o f  m a g n itu d e  a s  th e  c o e f f i c i e n t s  f o r  o t h e r  p h o to c h e m ic a l  
r e a c t i o n s ,  b u t  s m a l l e r  t h a n  f o r  t h e r m a l  r e a c t i o n s ,  c a .  1*8 
t o  4*0 . E a r l i e r  o b s e r v a t io n s  by  S chw erza»  a r e  i n  a g re e m e n t  
w i t h  t h e s e  v a l u e s .
F a d in g  was fou nd  to  be  a c c e l e r a t e d  by  a  r i s e  i n  h u m id i ty  
i n  e l l  c a s e s ;  a  l i n e a r  r e l a t i o n  a p p e a re d  t o  h o ld  be tw een  
p e r c e n t a g e  l o s s  o f  dye and t h e  m o is tu r e  c o n t e n t  o f  t h e  
sa m p le ,  a t  l e a s t  down to  c a .  5^ m o i s tu r e  c o n t e n t ,  f o r  a  
num ber o f  d y e s  on c o t to n  o r  w oo l. E v id e n c e  o f  a  s h a r p  
ch an g e  i n  t h e  r e l a t i o n s h i p  f o r  d y e s  on s i l k  was n o te d f  a t
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a b o u t  10^ m o i s tu r e  c o n t e n t  t h e  c u rv e  o f  c o l o u r  l o s s  a g a i n s t  
m o i s tu r e  c o n te n t  becomes much more s te e p *
Hedges p ro p o sed  t h e  fo rm u la  F «  K*/T{R+c), a s  a  m eans o f
p r e d i c t i n g  f a d i n g  u n d e r  d i f f e r e n t  c o n d i t i o n s  (?  «  p e r c e n t a g e  
l o s s  o f  d y e ;  K, c a r e  c o n s t a n t s ;  T i s  t h e  t e m p e r a tu r e ,  and 
R i s  t h e  r e g a i n  o f  t h e  f a b r i c ) .  I t  h a s  b e e n  p o i n t e d  o u t ,  
ho w ev er , by Lead t h a t  t h e  m o is tu r e  c o n t e n t  o f  exp osed  f a b r i c s  
c a n n o t  d i r e c t l y  be  d e te rm in e d  from  t h e  h u m id i ty  o f  t h e  
s u r r o u n d in g  a tm o sp h e re  s i n c e  t h e  exposed  m a t e r i a l  i s  u s u a l l y  
a t  a  h i g h e r  t e m p e r a tu r e  th a n  th e  a tm o s p h e re .  T h is  h a s  been  
c o n f irm e d  by I lo rd h a im er who found  t h a t  t h e  t e m p e r a tu r e  o f  t h e  
sam p les  i n  t h e  P ad eo m e te r  f l u c t u a t e d  ro u n d  a  t e m p e r a tu r e  a s  
h ig h  a s  9 0 ^0 . w i t h  a  f a b r i c  h u m id i ty  much lo w e r  t h a n  t o  be
e x p e c te d  from  t h e  c o n d i t i o n  o f  t h e  a tm o s p h e re  i n s i d e  t h e  lam p .
The i n f l u e n c e  o f  dye c o n c e n t r a t i o n  on l i g h t  f a d i n g .
B a r k e r ,  H i r s t  and L am bert exam ined  t h e  f a d i n g  o f  wool c l o t h  
dyed  to  d i f f e r e n t  p e r c e n ta g e  d e p th s  o f  sh ad e  w i t h  a  num ber o f  
d y e s ,  m e a s u r in g  th e  l o s s  o f  c o lo u r  by  t h e  L ov ibond  T in to m e te r .  
They fo u n d  i n  ea c h  c a se  t h a t  when t h e  am ount o f  dye  r e m a in in g  
a f t e r  t h e  e x p o s u re  was p l o t t e d  ( a s  o r d i n a t e ) ,  a g a i n s t  t h e  amount 
o r i g i n a l l y  p r e s e n t ,  a  s t r a i g h t  l i n e  was o b t a i n e d ,  o f  s l o p e  
a p p r o x im a te ly  1 .0  b u t  n o t  p a s s i n g  th r o u g h  t h e  o r i g i n *  (The 
l i n e  o f  no f a d i n g  would be a  l i n e  o f  s l o p e  1 .0  p a s s i n g  th r o u g h  
t h e  o r i g i n ) .  The a c t u a l  l o s s  o f  c o l o u r  i s  t h u s  a p p r o x im a te ly
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t h e  same w h a te v e r  t h e  o r i g i n a l  amount p r e s e n t .  They 
e x p la in e d  t h i s  by s a y in g  t h a t  a  g iv e n  am ount o f  a b s o rb e d  
e n e rg y  ca n  c a u se  o n ly  t h e  same d e s t r u c t i o n  o f  d y e ,  w h a te v e r  
am ount may o r i g i n a l l y  b e  p r e s e n t .  T h i s ,  o f  c o u r s e ,  I s  t h e  
c o n d i t i o n  n o r m a l ly  o b t a i n i n g  i n  p h o to c h e m ic a l  r e a c t i o n s  
when t h e  w hole o f  t h e  a c t i v e  r a d i a t i o n  i s  a b s o r b e d ,  t h e  
num ber o f  m o le c u le s  decomposed t h e n  becom ing  p r o p o r t i o n a l  
t o  t h e  t im e  o f  e x p o s u re .  T h is  i s  known a s  a  r e a c t i o n  
m echanism  o f  z e ro  o r d e r  ( c . f .  Bowen), so  t h a t ,  i f  t h e  dyed 
f a b r i c s  do a b s o rb  th e  w hole o f  t h e  a c t i v e  r a d i a t i o n ,  t h e  
r e l a t i o n s h i p  e s t a b l i s h e d  by  B a r k e r ,  H i r s t  and L am bert i s  
n o r m a l .
An e m p i r i c a l  r e l a t i o n s h i p  b e tw e en  f a d i n g  end t h e  s q u a r e  
r o o t  o f  t h e  t im e  o f  e x p o s u re  was a l s o  o b s e rv e d  by  t h e s e  
w o r k e r s .  C u n l i f f e  and L am bert exam ined t h i s  r e l a t i o n s h i p  
i n  m ore d e t a i l ,  m e a s u r in g  t h e  c o l o u r  o f  dyed p a t t e r n s  b e f o r e ,  
and a t  v a r i o u s  t im e s  d u r i n g  t h e  p e r io d  o f  e x p o s u r e ,  by  th e  
G u ild  t r i c h r o m a t i c  c o l o r i m e t e r .  As a  m ea su re  o f  t h e  d e g re e  
o f  f a d i n g  t h e y  u s e d  t h e  p e r c e n ta g e  d e c r e a s e  i n  t h e  d i s t a n c e  
o f  t h e  p o i n t  on  t h e  c o lo u r  c h a r t ,  r e p r e s e n t i n g  t h e  dyed  
p a t t e r n ,  fro m  t h a t  r e p r e s e n t i n g  t h e  undyed  m a t e r i a l .  They 
d i s c o v e r e d  t h a t  t h i s  p o i n t ,  i n  m ost c a s e s ,  moved s t e a d i l y  
to w a rd s  " w h ite "  w i th  t h e  p r o g r e s s  o f  f a d i n g .  They o b t a i n e d  
t h e  r e l a t i o n : -
F » a * / t  + b       ( ! )
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w here P *» t h e  amount o f  dye f a d e d  and a  and h  a r emm "mm
c o n s t a n t s ;  t h i s  a p p l i e d  t o  th e  s t a g e s  o f  f a d i n g  u p  t o  c a ,
60fo and t h e  r e l a t i o n
F » c l o g t  + d * .................... .... ( i i )
w here  £  and £  a r e  c o n s t a n t s ,  a p p l i e d  a l s o  t o  t h e  f a d i n g  
r a n g e  above a b o u t  25# l o s s .  I n  a d d i t i o n  th e y  fo u n d  e m p i r i ­
c a l  e q u a t io n s  o f  o t h e r  ty p e s  t o  h o ld  o v e r  a  l i m i t e d  r a n g e ,  
e . g . , a  l i n e a r  r e l a t i o n  b e tw een  ?  and l o g  t  f o r  many 
d y e s  b e tw e en  c a .  2 5 -8 0 #  f a d in g .  S in c e ,  t h e y  a r g u e ,  p h o to ­
c h e m ic a l  ch an g es  a lw a y s  v a r y  i n  r e a c t i o n  o r d e r  b e tw e e n  t h e  
l i m i t s  o f  z e ro  ( f o r  t o t a l  a b s o r p t i o n  o f  l i g h t ) ,  w here
?  = k t     ( i l l )
and  u n i t y  ( f o r  p a r t i a l  l i g h t  a b s o r p t i o n ) ,  w here
r =» ................. (iv)
t h e n  dye f a d i n g  sh o u ld  a l s o  v a r y  i n  r e a c t i o n  o r d e r  b e tw e e n  
t h e s e  l i m i t s ,  p a s s i n g  fro m  ze ro  t o  u n i t y  a s  dye d i s a p p e a r s .  
W ith  m ost d y e s  t h e y  d id  f i n d  e q u a t io n  ( i l l )  t o  h o ld  i n  t h e  
e a r l y  s t a g e s  o f  f a d i n g ,  and i n  l a t e r  s t a g e s  t h e  e x p o n e n t i a l  
law  was fo u n d  to  a p p ly ,  a s  p r e d i c t e d .  The %/t r e l a t i o n s h i p
(e q n .  i )  f o r  medium v a l u e s  o f  t  was shown t o  b e  a  c o n se ­
qu ence  o f  t h e  e x p o n e n t i a l  law .
C u n l i f f e  and L am bert a l s o  d e m o n s t ra te d  a  l i n e a r  r e l a t i o n  
b e tw e e n  f a d i n g  and i n i t i a l  dye c o n c e n t r a t io n #  T h is  i a i -
P «  - f  l o g  Co + g  ................... .... (v )
w here  f  and £  a r e  c o n s t a n t s ,  t h e  s lo p e  f  o f  t h e  c u rv e
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v a r y i n g  f ro m  one dye t o  a n o t h e r .
They com bined t h e i r  e m p i r i c a l  e q u a t i o n s  i n  one g e n e r a l  
e x p r e s s i o n  show ing  t h e  r e l a t i o n  b e tw een  o r i g i n a l  dye concen­
t r a t i o n ,  t im e  o f  e x p o s u re  and e x t e n t  o f  f a d e s -
»  100 1 -  8 - t ( a  l o g  Co + b) (vl)
Somner s t u d i e d  t h e  same s u b j e c t  and n o t i c e d  an e m p i r i c a l  
l i n e a r  r e l a t i o n  b e tw een  am ount o f  f a d i n g  and s q u a re  r o o t  o f  
e x p o s u re  t im e .  We a r e  n o t  aw are  t h a t  s i n c e  t h e n  any f u r t h e r  
i n t e r e s t  h a s  b e e n  t a k e n  i n  t h i s  ty p e  o f  r e l a t i o n s h i p ,  o r  t h a t  
any r e l a t i o n s h i p  b e tw een  c o n c e n t r a t i o n  and l i g h t  f a s t n e s s  
g r a d in g  o f  a  f a b r i c  h a s  p r e v i o u s l y  b ee n  d e te r m in e d .
E a to n ,  G i l e s  and Gordon have fo u n d  t h a t  a  l i n e a r  r e l a ­
t i o n  e x i s t s  b e tw e e n  l i g h t  f a s t n e s s  g ra d e  num ber and l o g a r i t h m  
o f  dye c o n c e n t r a t i o n  on t h e  f i b r e .  The l i g h t  f a s t n e s s  
num bers  r e p r e s e n t  a  g e o m e t r i c a l l y  g ra d e d  s e r i e s  o f  p a t t e r n s  
o f  i n c r e a s i n g  l i g h t  f a s t n e s s .  The t e s t  sam ple  i s  g iv e n  t h e  
g ra d e  num ber o f  t h e  s t a n d a r d  w h ich  shows t h e  same d e g r e e  o f  
f a d e  u n d e r  e q u a l  e x p o s u re  c o n d i t i o n s ,  t h e  f a d i n g  b e in g  ju d g ed  
i n  t h e  e a r l y  s t a g e s .  I f  i t  be assum ed t h a t  t h e  p e r c e n ta g e  
c o l o u r  l o s s  f o r  a  p a t t e r n  to  be ju dged  " f a d e d "  i s  t h e  sam e, 
no m a t t e r  w hat t h e  g ra d e  num ber, t h e n  i t  f o l l o w s  t h a t  t h e r e  
s h o u ld  be a  l i n e a r  r e l a t i o n  b e tw een  t h e  l o g a r i t h m  o f  t h e  t im e  
r e q u i r e d  ( t p )  t o  p ro d u ce  a  g iv e n  p e r c e n t a g e  l o s s  o f  any dye
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and th o  l o g a r i t h m  o f  i t s  i n i t i a l  c o n c e n t r a t i o n  ( C o ) ,  i . e . ,
l o g  t p  a  a ' l o g  Co   ( v i i )
w h ere  and a r e  c o n s t a n t s ,  and t h i s  l e  c o n s i s t e n t  
w i t h  e q u a t i o n s  ( i i )  and ( v )  o f  C u n l i f f e  and L am b ert,  
p r o v i d i n g  t h a t  t h e i r  e q u a t i o n  ( i i )  h o ld o  down t o  q u i t e  lo w  
d e g r o e o  o f  f a d in g *
S t a t i s t i c a l  t r e a t m e n t  o f  f a s t n e s s  d a tn  t t h e  k i n e t i c s  
o f  f a d i n g .
B a to n ,  G i l e s  and Gordon h a v e  exam ined  s e v e r a l  th o u s a n d  
l i g h t  f a s t n e s s  g r a d in g s  p u b l i s h e d  i n  t h e  t r a d e  l i t e r a t u r e  o f  
V a r io u s  n o n a f a c t u r e r s ,  t h r e e  g r a d in g  f i g u r e s  b e i n g  p u b l i s h e d  
f o r  e a c h  d y e ,  r e p r e s e n t i n g  f a s t n o o s  i n  p a l e ,  medium and  
h ea v y  sh a d e  d e p t h s ,  ox g i v e n  v a l u e s .  Lhen t h e  d a t a  f o r  
e a c h  d y e / f i b r e  nyotem  a r e  a v e r a g e d ,  a  l i n e a r  r e l a t i o n  a p p e a r s  
b e tw e e n  (mean) l o g  Co ( i n i t i a l  c o n c e n t r a t i o n  on t h e  f i b r o )  
and (mean) n ,  t h e  l i g h t  f a u t n e s s  grad e*  F u r th e r m o r e ,  t h e  
c u r v e s  f o r  e a c h  d y e / f i b r o  oyotem  d i f f e r  i n  s l o p e  and t h e  
s l o p e  d i f f e r e n c e 8 a r e  s t a t i s t i c a l l y  s i g n i f i c a n t  ( E a t o n ) .
I t  seem s p r o b a b l e ,  t h e r e f o r e ,  t h a t  e a c h  d y e / f i b r e  s y s t e m  
h a s  a  c h a r a c t e r i s t i c  mean e l o p e ,  a b o u t  w h ic h  t h o  o l o p e e  f o r  
t h e  i n d i v i d u a l  d y e s  i n  t h e  s y s t e m  may b e  grou p ed *  M o r e o v e r ,  
t h e  m a g n itu d e  o f  t h e  e l o p e  ca n  bo shown (G ordon) t o  b e  o 
m e a su re  o f  t h e  a p p a r e n t  r e a c t i o n  o r d e r  o f  f a d i n g ,  a s  f o l l o w s *
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The d e r i v a t i o n  i s  b a se d  on t h e  a s s u m p t io n  t h a t  t h e  dye 
d i s a p p e a r s  i n  t h e  f a d in g  r e a c t i o n  a c c o r d i n g  to  t h e  m ass law  
e q u a t i o n :
“ II = ka^  ......................... (vlii)
w here  r  i s  a  c o n s t a n t  r e p r e s e n t i n g  t h e  r e a c t i o n  o r d e r  and 
k  i s  t h e  r e a c t i o n  c o n s t a n t ,  w h ich  may c o n t a i n  c o n c e n t r a t i o n  
te rm s  o f  o t h e r  s p e c i e s  and m ust a l s o  be  a  f u n c t i o n  o f  t h e  
s u r f a c e  a r e a  o f  d y e , and A i s  t h e  ( t o t a l )  dye c o n c e n t r a t i o n  
p r e s e n t  a t  t im e  t  « By i n t e g r a t i o n  from  t  « 0 ,  A » Ao # t o  
a  t im e  t p  when a  f r a c t i o n  a. o f  t h e  dyo h a s  d i s a p p e a r e d ,  
we o b t a i n ;
1 — (1 —
(1 -  r ) A o ^ - i  “  ...............................................
By t a k i n g  l o g a r i t h m s ,  we o b t a i n ;
l o g  t p  « ( l - r ) l o g  Aq + ( r - 1 )  l o g ( l - a )  -  l o g ( l - r )  -  l o g  k
s i n c e  £ ,  r  and k  o re  a l l  c o n s t a n t s ,  t h i s  i s  a  l i n e a r  
e x p r e s s i o n  o f  t h e  fo rm ;
l o g  t p  a  a ' ^ l o g  Ao b ' '
w here  t h e  s lo p e  a '   ^ o f  t h e  c u rv e  d e te r m in e d  t h e  r e a c t i o n  
o r d e r  r .
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The c h e m ic a l  s t r u c t u r e  o f  d y es  and l i g h t  f a d i n g .
The more g e n e r a l  e f f e c t s  o f  s t r u c t u r a l  c h a n g es  on t h e  
c h e m ic a l  r e a c t i v i t y  o f  azo dy es  w i l l  b e  c o n s id e r e d  s i n c e  
t h e s e  d y e s  have  b ee n  u s e d  e x p e r i m e n ta l l y  i n  t h e  m a jo r  p a r t  
o f  t h i s  w ork .
The b a s i c  u n i t  o f  a so  d y e s ,  a s o b e n s c n e ,  a p p e a r s  t o  b e  
r e l a t i v e l y  more s t a b l e  t o  c e r t a i n  c o n d i t i o n s  o f  o x i d a t i o n  
t h a n  more com plex d e r i v a t i v e s  o f  i t s  c l a s s .  Thus S e y e w itz  
end C haix  o b t a i n e d  o x i d a t i o n  p r o d u c t s  by  t r e a t i n g  c e r t a i n  
azo  d y e s  w i th  h y p o c h l o r i t e  i n  h y d r o c h l o r i c  a c i d  a t  0 - 5 ^ 0 . ,  
w h i le  az o b e n z e n e  re m a in e d  u n a f f e c t e d  by t h e  r e a g e n t s  u s e d .
I t  would a p p e a r  h o w ever, t h a t  t h e  f a s t n e s s  i s  re d u c e d  by 
i n c r e a s i n g  t h e  num ber o f  u n i t s  i n  t h e  d y e ,  t o  g iv e  t h e  
c o r r e s p o n d in g  b e n z id e n e  d i s a z o  compound, p o s s i b l y  due t o  t h e  
f a c t  t h a t  t h e  seco nd  azo  g ro u p  p r e s e n t s  an  a d d i t i o n a l  p o i n t  
o f  a t t a c k  f o r  a c t i v e  r e a g e n t s *  T h is  may be  f u r t h e r  
en h an ced  by  t h e  p a r t i a l  d o u b le  bond c h a r a c t e r  o f  t h e  l i n k a g e  
b e tw e en  t h e  b e n z e n e  n u c l e i .  T h e re  i s  some i n d i c a t i o n  t h a t  
when th e  2*2 - p o s i t i o n s  i n  b e n z id e n e  d y e s  a r e  o c c u p ie d  by 
b u lk y  s u b s t i t u e n t s ,  m aking  t h e  dye m o le c u le  n o n - p l a n a r ,  t h e  
f a s t n e s s  i s  l e s s  r e d u c e d .  I n  t h i s  c a s e  t h e  i n t e r - n u c l e i  
l i n k a g e  w i l l  have  l e s s  d o u b le  bond c h a r a c t e r .  The l o w e r in g  
o f  t h e  l i g h t  f a s t n e s s  o f  c e r t a i n  d y es  o f  t h e  a z o ,  p o ly m e th in  
and t r i p h e n y lm e th a n e  c l a s s e s  i s  how ever c o n s id e r e d  by  
K ip r ia n o v  and IJshenko t o  be  due t o  t h e  d i s t o r t i o n  o f  t h e
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p l a n a r  m o le c u le  by s u b s t i t u e n t  g ro u p s .
The i n f l u e n c e  o f  o r t h o - s u b s t i t u e n t s .■ f .............- - - ——— ----------------------
S u b s t i t u e n t  g ro u p s  o r t h o -  t o  t h e  a z o - g r o u p ,  i f  t h e y  can  
a c t  a s  h y d ro g e n  bond d o n o r s ,  e . g . ,  amino o r  h y d ro x y  g ro u p s ,  
a p p e a r  t o  im p ro v e  l i g h t  f a s t n e s s  on  b o t h  p r o t e i n  o r  n o n ­
p r o t e i n  s u b s t r a t e s  (A th e r to n  and P e t e r o ,  KLenle e t  a l #) .
T h is  i s  a t t r i b u t e d  by A th e r to n  end P e t e r s  t o  t h e  p r o t e c t i o n  
a f f o r d e d  to  t h e  azo  g rou p  by t h e  c h e l a t e  r i n g  i n  w h ich  i t  
t h u s  becomes i n v o l v e d .  T h u s , am ongst s u lp h o n a te d  d y e s ,  
t h e  o r t h o - h y d roxy azo  compound Orange I I  ( C . I . N o . 151) i s  
n o t i c e a b l y  f a s t e r  t h a n  i t s  p a r a - h y d ro x y azo  i s o m e r .  Orange I  
(C .I .ÎT o .1 5 0 )  ( P e s a i  and G i l e s ) .  Tho d i f f e r e n c e  a p p e a r s  
a l s o  t o  h o ld  f o r  a  ra n g e  o f  s u lp h o n a te d  azo  d y es  d e r iv e d  
f ro m  a -  and  B -n a p h th o l ,  r e s p e c t i v e l y ,  on  wool (B o g u s lo v sk y  
and S a d o v ) ,  and i t  e x te n d s  t o  u n s u lp h o n a te d  o r t h o -  and  p a r a -  
am inoazo  d y es  o f  t h e  b e n z e n e a z o n a p h th a le n e  s e r i e s  on c e l l u ­
l o s e  a c e t a t e  ( A th e r to n  and  P e t e r s ) .
A th e r to n  and P e t e r s  a l s o  n o t i c e d  t h a t  a  m ethoxy  g ro up  
im p ro v e s  l i g h t  f a s t n e s s  i n  t h e  o r t h o - p o s i t i o n  b u t  lo w e r s  i t  
when m e ta -  o r  p a r a - , and a t t r i b u t e d  t h e  o r t h o - p o s i t i o n  e f f e c t  
t o  s t e r i c  p r o t e c t i o n  o f  t h e  a so  g ro u p .  I t  h a s  b e e n  
s u g g e s te d  t h a t  t h e  p r o t e c t i v e  a c t i o n  o f  t h e  o r th o -m e th o x y  
g ro u p  n o t i c e d  by A th e r to n  and P e t e r s  m ig h t  be due t o  c h e l a t i o n  
i n v o l v i n g  a  CH 11 bond .
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B ad g er  and L ew is ,  who fo u n d  a  l i n e a r  r e l a t i o n  b e tw e en  
t h e  r a t e  c o n s t a n t s  f o r  o x i d a t i o n  ( w i th  p e r b e n z o ic  a c i d )  o f  
m- and ^ - s u b s t i t u t e d  a z o b e n z e n e s ,  and t h e  Hammett ^  - v a l u e  
f o r  t h e  v a r i o u s  s u b s t i t u e n t s ,  n o t i c e d  t h a t  t h e  e f f e c t  o f  
two su c h  s u b s t i t u e n t s  i s  a d d i t i v e .  I t  h a s ,  t h e r e f o r e ,  
b e e n  a t t e m p te d  to  i n t e r p r e t  t h e  i n f l u e n c e  o f  £ - a u b s t i t u e n t s  
i n  o im - o r  o t p - d l s u b s t i t u t e d  b e n z e n e a z o n a p h th a le n e  
I n s o l u b l e  d y es  o f  t h e  B r e n th o l  c l a s s  (on  c o t t o n )  fro m  t h e  
I . e . I .  d a t a ,  by a v e r a g in g  a  num ber o f  f a s t n e s s  f i g u r e s  f o r  
t h e  d y e s  fro m  d i s u b s t i t u t e d  b a s e s  ( d a t a  from  v e r y  few  mono­
s u b s t i t u t e d  b a s e s  a r e  a v a i l a b l e ) ,  on t h e  a s s u m p t io n  t h a t  t h e  
i n f l u e n c e  o f  m- o r  £ - g ro u p s  would b e  a d d i t i v e  w i t h  t h a t  
o f  £ - g ro u p 8 ( G i l e s ) .  From t h e  r e s u l t s ,  h o w ev e r , t h e  assum p­
t i o n  d o es  n o t  a p p e a r  t o  b e  j u s t i f i e d ,  b u t  some i n t e r e s t i n g ,  
th o u g h  r a t h e r  f r a g m e n ta r y ,  c o n c lu s i o n s  em erge . The £ -0 1  
and o-NOg g ro u p s ,  a s  e x p e c t e d ,  i n c r e a s e  f a s t n e s s ,  t h e  o-OH^ 
and o-OCH^ g ro u p s  do so t o o ,  i f  t h e r e  i s  HOg m e ta -  t o  them  
( i . e .  a t  p o s i t i o n  4 ) ,  b u t  t h e  e f f e c t  o f  t h e s e  o - g r o u p s  and 
o f  o -C l  i s  r e d u c e d  o r  even  r e v e r s e d  i f  a n o t h e r  01 i s  p r e s e n t  
o r th o -  o r  p a r ^  t o  them .
The a v a i l a b l e  e v id e n c e  a p p e a r s  c o n s i s t e n t  w i th  t h e  
h y p o t h e s i s  t h a t  a  s u b s t i t u e n t  o r t h o -  t o  t h e  a z o -g ro u p  
i n c r e a s e s  o r  r e d u c e s  t h e  l i g h t  f a s t n e s s ,  on any  s u b s t r a t e ,  
a c c o r d in g  t o  i t s  e l e c t r o p h i l i c  n a t u r e ,  e x c e p t  when i t  i s  
c a p a b le  o f  c h e l a t i o n  w i th  t h e  a z o - g r o u p ,  when i t  a lw a y s  e x e r t s
a  p r o t e c t i v e  e f f e c t  a g a i n s t  l i g h t  f a d i n g .
The i n f l u e n c e  o f  m e ta -  and p a r a - s u b s t i t u e n t s .
E L en le  e t  a l . and  H n t e  and M i l l e r  h av e  e s t a b l i s h e d  
th e  i n f l u e n c e  u p o n  f a d i n g  o f  s u b s t i t u e n t s  m- and £ -  t o  
t h e  azo  g ro u p  I n  b e n z e n e a z o n a p h th a le n e  dyes* The e f f e c t  
o f  m- and  ^ - s u b s t i t u e n t s  w i l l  depend  on w h e th e r  o r  n o t  
t h e y  e x e r t  a  p r o t e c t i v e  e f f e c t  on th e  a so  g ro u p ,  w h ich  m ust 
be t h e  p o i n t  o f  a t t a c k  i n  f a d i n g .  Thus t h e  above  a u t h o r s  
have  shown t h a t  e l e c t r o n e g a t i v e  g ro u p s ,  e . g . ,  ITO^t d e c r e a s e  
t h e  f a d i n g  r a t e  on  n o n - p r o t e i n s  and  i n c r e a s e  i t  on p r o t e i n  
f i b r e s .  E l e c t r o p o s i t i v e  g ro u p s  su ch  a s  OOH^  b eh a v e  i n  t h e  
o p p o s i t e  s e n s e .
I t  h a s  b e e n  found  t h a t ,  i n  g e n e r a l ,  t h e  l o g a r i t h m s  o f  
t h e  r e l a t i v e  r a t e  o f  f a d i n g  o f  a  s e r i e s  o f  m- and  g -  
B u b s t i t u t e d  azo  d y es  fo rm  a  l i n e a r  p l o t  w i t h  t h e  £  - v a l u e s ,  
a s  d e te rm in e d  by Hammett, t h e  s i g n  o f  t h e  g r a d i e n t  o f  t h e  
l i n e  o b t a in e d  v a r y i n g  a c c o r d in g  t o  t h e  s u b s t r a t e  i n  w h ich  
t h e  dye i s  c o n t a i n e d . .
P r e v io u s  w o rk .
D esa i  and G i l e s ,  i n  t h i s  l a b o r a t o r y ,  h av e  shown t h a t  
o x i d a t i o n  o f  azo  d y es  i n  aq u eo u s  m e d ia ,  w i th  e e r i e  s u l p h a t e ,  
p o ta s s iu m  d l c h ro m â te ,  o r  h y d ro g e n  p e r o x id e ,  d i s r u p t s  th e  azo
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g ro u p  and  l e a d s  t o  t h e  f o r m a t io n  o f  a  d ia z o  compound and a  
q u in o n o , w h ich  f u r t h e r  decompose t o  g i v e ,  r e s p e c t i v e l y ,  a  
p h e n o l  and n i t r o g e n  ( i n  a c id  m ed ia )  and  p h t h a l i c  a c i d .
T h is  r e a c t i o n  a p p e a r s  t o  he  common t o  many t y p e s  o f  
o x i d i s i n g  a g e n t ,  l i k e  e f f e c t s  h a v in g  b e e n  p r e v i o u s l y  
o b s e rv e d  by  w o rk e rs  u s i n g ,  f o r  ex am p le , h y p o c h l o r i t e ,  l e a d  
d io x id e  and n i t r i c  a c i d  (S e y e w itz  and C ho ix ; L a u th ;  Eowe 
and L e v in ;  S c h m id t) .  I t  i s  s u g g e s te d  t h a t  t h e  i n i t i a l  
s t e p  i n  su c h  c h e m ic a l  o x i d a t i o n s  i s  one o f  h y d r o l y t i c  a t t a c k  
on  t h e  - 0 5 ^  bond o f  t h e  h y d ra z o n e  t a u to m e r  o f  t h e  d y e ,  
w h ich  i s  shown to  f i t  t h e  f a c t s  r e a s o n a b l y  w e l l  by a  s tu d y  
o f  t h o  r e l a t i v e  e a s e  o f  o x i d a t i o n  o f  s e v e r a l  p h e n y la z o  d y es  
o f  b o th  s o l u b l e  and i n s o l u b l e  t y p e s ,  w i t h  d i f f e r e n t  s u b s t i ­
t u e n t s  i n  t h e  b en zene  r i n g .
C h ip a ik a t t i  e t  a l . e x te n d e d  t h e  o b s e r v a t i o n s  o f  p r e v io u s  
w o rk e rs  ( K le n le ,  S t e a m s  and v an  d e r  M eulen j A th e r to n  and  
P e t e r s ;  A th e r to n  and S e l t z e r ;  K ie n le  e t  a l . : A th e r to n  e t
a l . ) t o  d e te r m in e  w h e th e r  any s y s t e m a t i c  v a r i a t i o n  o f  f a s t ­
n e s s  b e tw een  d i f f e r e n t  s u b s t r a t e s  c o u ld  b e  d e t e c t e d  w i th  a 
v iew  to  e l u c i d a t i n g  i t s  fu n d a m e n ta l  c a u s e .
S e v e r a l  s e r i e s  o f  s im p le  p h e n y la z o n a p h th a le n e  d y e s ,  
b o th  w a t e r - s o l u b l e  and w a t e r - i n s o l u b l e ,  w ere  a p p l i e d  t o  a  
V a r i e t y  o f  s u b s t r a t e s ,  and t h e  r e l a t i v e  f a d i n g  r a t e s  o f  th e  
d y e s  i n  e a c h  s e r i e s  on e a c h  s u b s t r a t e  w ere  com pared w i t h  t h e
56.
Hammett s  -  v a l u e s  o f  m e ta -  and p a r a - s u b s t i t u e n t s  I n  t h e  
b e n z e n e  n u c l e u s .
I t  was c o n c lu d e d  t h a t  t h e  s u b s t r a t e s  u s e d  f a l l  i n t o  
two c l a s s e s ,  a c c o r d in g  t o  t h e  s e n s e  i n  w h ich  th e y  i n f l u e n c e  
t h e  r e l a t i v e  f a d i n g  r a t e s ,  v i z . ,  p r o t e i n s ,  i . e . ,  ( a )  w o o l,  
s i l k  and g e l a t i n  ; and  (b )  a l l  o t h e r  m a t e r i a l s ,  i n c l u d i n g  
c o l l u l o s e ,  c e l l u l o s e  e s t e r s  and e t h e r s ,  and  n y lo n .  I t  was 
s u g g e s te d  t h a t  p r o t e i n  s u b s t r a t e s  may p e r h a p s  t a k e  p a r t  
c h e m ic a l ly  i n  t h e  f a d i n g  r e a c t i o n ,  p ro b a b ly  by r e d u c t i o n  o f  
t h e  d y e ,  w h ereas  t h e  o t h e r  c l a s s  o f  s u b s t r a t e s ,  t h e  n o n ­
p r o t e i n s ,  may n o t ;  t h e  f a d i n g  r e a c t i o n  may t h e n  be o x i d a t i v e  
i n  a b se n c e  o f  p r o t e i n .  F u r t h e r ,  i t  i s  shown t h a t  t h e  
f a d i n g  r e a c t i o n  on  p r o t e i n s  d o es  n o t  a p p e a r  t o  i n v o l v e  e i t h e r  
t h e  p e p t i d e  l i n k a g e s  o r  t h e  h y d ro c a rb o n  p o r t i o n s  o f  t h e  
p r o t e i n  m o le c u le s ,  b u t  t h e  s u g g e s t i o n  was made t h a t  t h e  
t y r o s i n e  o r  h i s t i d i n e  s i d e c h a in s  may be i n v o l v e d .  L a t e r ,  
Gumming e t  a l . c o n t in u e d  t h i s  w ork , c o n f i r m in g  t h a t  o x i d a t i o n  
o c c u r s  when d y es  a r e  f a d e d  on n o n - p r o t e i n s  and r e d u c t i o n  on 
p r o t e i n s ,  and showed t h a t  t h i s  seem s t o  b e  a  g e n e r a l  r u l e  
a p p l y in g  to  a l l  t y p e s  o f  dye and n o t  o n ly  t h e  azo  s e r i e s .
The a c t u a l  c o n s t i t u e n t  o f  t h e  p r o t e i n  r e s p o n s i b l e  f o r  r e d u c ­
t i o n  was shown to  b e ,  p r o b a b ly ,  h i s t i d i n e .  Some r a t h e r  
i n c o n c l u s i v e  e v id e n c e  was a l s o  o b t a i n e d  s u g g e s t i n g  t h a t  
t r y p to p h a n e  may a l s o  be i n v o lv e d  i n  t h e  r e d u c t i o n .
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The d i f f e r e n c e s  i n  t h e  l i g h t  f a s t n e s s  o f  any dye on 
d i f f e r e n t  s u b s t r a t e s  o f  t h e  same c l a s s  a r e  s t a t e d  t o  be  
a t t r i b u t a b l e  l a r g e l y  t o  d i f f e r e n c e s  i n  i t s  s t a t e  o f  d i s p e r ­
s i o n  d e te rm in e d  by th e  p h y s i c a l  n a t u r e  o f  t h e  s u b s t r a t e s .
EXPEFllTEITTAI.
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The p r e p a r a t i o n  and p u r i f i c a t i o n  o f  azo  d y e a .
F o r  a  s e c t i o n  o f  t h e  work d e s c r i b e d  l a t e r ,  a  s e r i e s  o f  
p a r a - a lk y lb e n z e n e a z o n a p h th a le n e - 2 - f a y d r o z y - 5 t 6 - d i s u l p h o n io  
a c i d  d y es  was p r e p a r e d .  The un su b  s t i  t u t  e d d y e ,  and  t h e  
p a r a - m e th y l  and p a r a - b u t y l  d y es  w ere p r e p a r e d  i n  t h e  u s u a l  
m anner ( F ie r z - D a v id  and B la n g e y ) .  The m ethod  was m o d i f ie d  
a s  f o l l o w s ,  how ever, i n  t h e  p r e p a r a t i o n  o f  th o  p a r a - d o d e c y l  
and p a r a - c e t y l  d y e s ,  t h e  am ine h y d r o c h l o r i d e s  b e i n g  
i n s o l u b l e .
A s o l u t i o n  o f  5*2g. o f  p a r a - d o d e c y l a n i l i n e  i n  a c e to n e  
was added  r a p i d l y ,  w i th  v ig o r o u s  s t i r r i n g ,  t o  2 .5  c . c .  o f  
( c o n c . )  h y d r o c h l o r i c  a c i d  i n  100 c . c .  o f  w a t e r .  A f i n e l y  
d iv id e d  s u s p e n s io n  o f  t h e  am ine h y d r o c h lo r id e  was t h u s  
o b ta in e d *  A f u r t h e r  2 c . c .  o f  ( c o n c . )  h y d r o c h lo r i c  a c id  
w ere added t o  t h e  s u s p e n s io n  and 20 c . c .  o f  N. sodium  
n i t r i t e  s o l u t i o n  were added d ro p w ise  u n t i l  m ost o f  t h e  
m a t e r i a l  had  d i s s o l v e d .  The m ix tu r e  was t h e n  f i l t e r e d  t o  
remove any u n d i s s o l v e d  h y d r o c h lo r id e  and t h e  r e s u l t a n t  c l e a r  
s o l u t i o n  was c o u p le d  w i th  6*1g. o f  n a p h th a l e n e - 2 - h y d r o x y -  
3 t 6 - d i s u l p h o n i c  a c id  d i s s o l v e d  i n  60 c . c .  o f  N. sodium  
h y d ro x id e  s o l u t i o n .  The d y e ,  w h ich  p r e c i p i t a t e d  on  
c o u p l in g ,  was f i l t e r e d  and washed w i t h  a c e to n e  and b e n z e n e  
t o  wash o u t  u n r e a c t e d  am ine o r  o t h e r  o r g a n i c  i m p u r i t i e s .
The dye was p u r i f i e d  f u r t h e r  by  r e c a r y s t a l l i s a t i o n  f ro m  w a te r  
by  a d d i t i o n  o f  e t h a n o l .
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The p a r a - o e t y l  hom ologue o f  t h e  above  dye was p r e p a re d  
and p u r i f i e d  i n  a  s i m i l a r  f a s h i o n .
The m ore s o l u b l e  d y es  o f  t h e  same s e r i e s ,  v i z # , t h e  
g a r a - b u t y l , t h e  p a r a - m e th y l  and t h e  u n s u b s t i t u t e d  d y e s ,  
c o u ld  n o t  be s a t i s f a c t o r i l y  r e c r y s t a l l i e e d ,  and w ere  p u r i f i e d  
by  p a s s a g e  t h r o u g h  c a t i o n i c  and a n i o n i c  ex ch an g e  r e s i n s  i n  
a e r i e s ,  f o l lo w e d  by  e x a c t  n e u t r a l i s a t i o n  w i th  sodium  
b i c a r b o n a t e  o f  t h e  f r e e  dye a c i d  fo rm e d .
The dye p u r i t i e s  w ere e s t i m a t e d ,  b o th  by  t i t a n o u s  
c h l o r i d e  and by t h e  o x i d a t i o n  m ethod o f  a n a l y s i s  ( A r s h id ) ,  
and w ere fo u n d  t o  be o f  t h e  o r d e r  o f  95##
Many o f  t h e  dyes  u s e d  i n  t h i s  work w ere  o f  n o rm a l  
com m erc ia l q u a l i t y ,  some h a v in g  b e e n  p u r i f i e d  by r e  c r y s t a l l i ­
s a t i o n  o r  by s a l t i n g  o u t  e i t h e r  w i t h  sodium  c h l o r i d e  o r  by 
t h e  sodium  a c e t a t e  m ethod . The p u r i t y  v a l u e s  o f  su c h  d y es  
w ere  r a t h e r  lo w e r  ( c a . 90#) and t h e y  p r o b a b ly  c o n ta in e d  
sodium  c h l o r i d e .
The i l l u m i n a n t  f o r  l i g h t  f a s t n e s s  d e t e r m i n a t i o n .
An a r t i f i c i a l  l i g h t  s o u rc e  i s  n e c e s s a r y  f o r  l i g h t  f a s t ­
n e s s  d e t e r m i n a t i o n s  where r e s u l t s  have  t o  b e  o b ta in e d  much 
more r a p i d l y  th a n  i f  e x p o s u re s  a r e  made o n ly  i n  d a y l i g h t ,  
w h ic h ,  a s  a  f a d i n g  a g e n t ,  i s  s lo w  and h i g h l y  v a r i a b l e  i n  
i n t e n s i t y .  I t  h a s  f r e q u e n t l y  b e e n  o b s e r v e d ,  h ow ev er, t h a t
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l i g h t  f a d i n g  e v a l u a t i o n  by a r t i f i c i a l  l i g h t  may g iv e  r e s u l t s  
d i f f e r e n t  from  th o s e  o f  d a y l i g h t  t e s t s ,  and r e c e n t l y  G a s se r  
and  Z u k r i e g e l  h ave  d e s c r i b e d  an  a p p a r a t u s  t o  a c c e l e r a t e  day­
l i g h t  t e s t i n g .  I n  t h i s  a p p a r a t u s ,  t h e  " H e l i o t e s t " ,  t h e  
l i g h t  from  t h e  sun  i s  c o l l e c t e d  by l e n s e s  and c o n c e n t r a t e d  
on t h e  p a t t e r n s  u n d e r  t e s t ,  g i v i n g  a  2 5 - f o l d  i n c r e a s e  i n  
i n t e n s i t y  o f  t h e  s u n ’ s e m is s io n .  The r e s u l t s  a r e  c la im e d  
t o  b e  h i g h ly  c o n s i s t e n t  Y.dth t h o s e  o b ta in e d  by t h e  n o rm a l 
m ethod o f  e x p o s u re .  The c a rb o n  a r c  h a s  p r o b a b ly  b e e n  u s e d  
m ore t h a n  any o t h e r  a r t i f i c i a l  i l l u m i n a n t  f o r  f a d i n g  s t u d i e s ,  
t h e  t h r e e  p r i n c i p a l  t y p e s  o f  a r c  b e i n g  t h e  e n c lo s e d  f la m e  
a r c ,  t h e  low  i n t e n s i t y  a r c ,  and t h e  h ig h  i n t e n s i t y  a r c .
I n  t h e  p r e s e n t  w ork , a  G e n e ra l  E l e c t r i c  " O s i r a "  h ig h  
p r e s s u r e  m ercu ry  v a p o u r  lamp o f  pow er 400w. was u s e d ,  w i th  
t h e  a p p r o p r i a t e  choke i n  s e r i e s ,  b u t  w i th o u t  a  c o n d e n s e r .
The lam p was ch o sen  f o r  i t s  r e l a t i v e l y  c o n s t a n t  e m is s io n  
o v e r  lo n g  p e r i o d s ,  low ru n n in g  c o s t s ,  and b e c a u s e  i t  r e q u i r e s  
v i r t u a l l y  no a t t e n t i o n .  The lam p was h e l d  i n  a  p o r c e l a i n  
l a m p - h o ld e r  screw ed  to  a  wooden b a s e b o a rd  and s u r ro u n d e d  by 
a  c y l i n d r i c a l  s h e e t  a lum in ium  s c r e e n  (17 i n .  d i a .  x  15 i n .  
h i g h ) ,  f i t t e d  a t  v a p o u r - s t r e a m  l e v e l  w i th  a  ^^^4 i n .  w ide 
a lum in ium  s h e l f ,  on w h ich  t h e  p a t t e r n s  were r e s t e d  d u r in g  
e x p o s u re .  As t h e  s o u rc e  o f  i l l u m i n a t i o n  i s  a  v e r t i c a l  
i n c a n d e s c e n t  v a p o u r  t h e  i n t e n s i t y  o f  e m is s io n  was c o n s id e r e d  
t o  be r e l a t i v e l y  c o n s t a n t  i n  any l a t e r a l  d i r e c t i o n ,  h en ce
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t h e  c o n s t r u c t i o n  o f  a  r o t a t i n g  p a t t e r n - h o l d i n g  d e v ic e  wae 
c o n s id e r e d  to  h e  u n n e c e s s a r y .
The lam p h a s  a  weak c o n t in u o u s  s p e c tru m  a s  a  b ac k g ro u n d  
w i t h  a  num ber o f  su p e r im p o sed  s t r o n g  m on o ch ro m atic  b an d s  
(F ig*  5 0 ) .  The f i v e  m a jo r  é m is s io n  l i n e s  I n  t h e  sp e c tru m  
o f  t h e  lamp a r e  a t  5^50 A .> 4047 A*» 4356 A .# 5461 A# # and
5780 A.
By em bedding c o p p e r - e u r e k a  th e rm o c o u p le s  i n  g e l a t i n  
f i l m s ,  a s  u se d  i n  f a d i n g  e x p e r im e n ts ,  t h e  i n t e r n a l  te m p e ra ­
t u r e s  w ere r e c o r d e d ,  b o th  f o r  u n c o lo u re d  f i l m  and f o r  f i l m  
c o lo u re d  w i th  a  h ig h  c o n c e n t r a t i o n  o f  an  R -a c id  dye (much 
h i g h e r  c o n c e n t r a t i o n  t h a n  any  u s e d  f o r  f a d i n g  t e s t s ) ,  and 
com pared w i th  t h e  s u r r o u n d in g  a i r  t e m p e ra tu r e *  The a i r  
t e m p e r a tu r e  w i t h i n  th e  s c r e e n  was fo u n d  t o  b e  c o n s t a n t  f o r  
c o n t in u o u s  r u n n in g  a t  56^0* w h e re a s  t h e  s u r f a c e  t e m p e r a tu r e  
o f  t h e  f i l m s  ra n g e d  b e tw een  65-70^0* f o r  c o l o u r l e s s  and 
c o lo u r e d  f i l m s  r e s p e c t i v e l y .  A l l  t h e  t e m p e r a tu r e s  re m a in e d  
s t e a d y  w i t h i n  + 1^0 . th r o u g h o u t  e a c h  f a d i n g  t e s t ,  a p a r t  from  
th o  c o lo u re d  f i l m  where a  t e m p e r a tu r e  f l u c t u a t i o n  o f  3^ was 
n o t e d .  The g e l a t i n  f i l m s  r e q u i r e d  a b o u t  1 h o u r  from  t h e  
s t a r t  to  r e a c h  t h e  maximum te m p e ra tu r e *  S in c e  t h e  e x p e r i ­
m e n ta l  v;ork i n v o lv e d  i s  b a se d  on t h e  co m p a r iso n  o f  t h e  
f a d i n g  r a t e s  o f  p a r t i c u l a r  d y es  and n o t  on  a b s o l u t e  m e a su re ­
m e n ts ,  t h e  above e x p e r im e n ta l  c o n d i t i o n s  w ere c o n s id e r e d  
s a t i s f a c t o r y .
42.
I t  was p o in te d  o u t  by Lead t h a t  t h e  m o i s tu r e  c o n t e n t  
o f  exp o sed  f a b r i c s  c a n n o t  b e  d i r e c t l y  d e te rm in e d  fro m  a  
know ledge o f  t h e  s u r r o u n d in g  a tm o s p h e r ic  h u m id i ty ,  b e c a u s e  
t h e  m a t e r i a l  r e a c h e s  a  h i g h e r  t e m p e r a tu r e  t h a n  t h e  s u r ro u n d ­
i n g  a tm o sp h e re  and i t s  t e m p e r a tu r e  i n c r e a s e s  w i th  t h e  amount 
o f  dye p r e s e n t .  T h is  h a s  b e e n  c o n f irm e d  i n  t h e  c a s e  o f  t h e  
f i l m s  m en tio n ed  a b o v e . F i lm s  l e f t  exposed  t o  t h e  lam p f o r  
two d a y s  had  t h e  f o l l o w i n g  m o i s tu r e  c o n t e n t s :  g e l a t i n  2*8^,
C e l lo p h a n e  5*6^^ .
The v i s u a l  and s p e c t r o p h o to m e t r i c  a s s e s s m e n t  o f  f a d i n g .
A s e r i e s  o f  b lu e  p a t t e r n s  d e v e lo p e d  by t h e  S o c ie ty  o f  
D yers  and C o l o u r i s t s  h a s  b e e n  a d o p te d  by t h e  B r i t i s h  
S ta n d a rd s  I n s t i t u t i o n  a s  l i g h t  f a s t n e s s  s t a n d a r d s .  The 
s t a n d a r d s  i n c r e a s e  i n  f a s t n e s s  from  n o .  1 -8  and a r e  sp ac ed  
e v e n ly  on  a  g e o m e tr ic  s c a l e  from  s t a n d a r d s  n o .  1 -6  , e a c h  
f a d i n g  a t  a b o u t  h a l f  t h e  r a t e  o f  t h e  one lo w e r  i n  t h e  s c a l e .  
S ta n d a r d s  n o s . 7 and 8 a r e  more w id e ly  s p a c e d .  The change 
w h ich  o c c u r s  i n  a  l i g h t  f a d i n g  t e s t  may be a  change i n  d e p th  
o f  c o l o u r ,  a  change i n  h u e ,  a  change i n  b r i g h t n e s s ,  o r  any 
c o m b in a t io n  o f  t h e s e .  The l i g h t  f a s t n e s s  e v a l u a t i o n  i s  
b a s e d  upon t h e  c o n t r a s t  be tw een  th e  o r i g i n a l  m a t e r i a l  and 
th e  fa d e d  sp ec im en , r e g a r d l e s s  o f  t h e  c h a r a c t e r  o f  t h e  
ch an g e . A v i s u a l  co m p ar iso n  o f  t h e  c o n t r a s t  can  b e  made 
w i t h  t h e  c o n t r a s t  r e p r e s e n t e d  by t h e  5 p a i r s  o f  n e u t r a l
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c o l o u r  p a t t e r n s  i n  t h e  S ta n d a rd  Grey S c a l e ,  d e v e lo p e d  by 
t h e  S o c ie ty  o f  D yers and C o l o u r i s t s  f o r  e v a l u a t i n g  ch a n g es  
o f  c o lo u r  i n  t e x t i l e s ,  f o r  b o th  t h e  dyed p a t t e r n s  and t h e  
b l u e  s t a n d a r d s ,  l e a d i n g  t o  a  more a c c u r a t e  and  r e p r o d u c i b l e  
e v a l u a t i o n  o f  l i g h t  f a s t n e s s .
I t  was i n t e n d e d  to  u s e  t h e s e  s t a n d a r d s  a s  a  m eans o f  
m e a s u r in g  t h e  r e l a t i v e  f a d i n g  r a t e s  o f  a  s e r i e s  o f  d y es  on 
opaque s u b s t r a t e s .  I t  was fo u n d , how ever, i n  a  t e s t  
e x p o su re  i n  t h e  f a d i n g  lam p, t h a t  t h e  s t a n d a r d s  d i d  n o t  
f a d e  i n  t h e  o r d e r  s p e c i f i e d ,  n o s .  1, 2 and 3 h a v in g  a  
p r e l i m i n a r y  hue change w i th  a  d e f i n i t e  f a d e  o b s e rv e d  f i r s t  
i n  t h e  c a s e  o f  s t a n d a r d  n o .  3 r a t h e r  t h a n  1 o r  even  2 
(M a c a u la y ) .  T h is  anom alous b e h a v io u r  was a t t r i b u t e d  to  t h e  
d i f f e r e n c e s  i n  l i g h t  a b s o r p t i o n  p r o p e r t i e s  o f  th e  d y e s  u s e d  
i n  p r e p a r a t i o n  o f  t h e  s t a n d a r d s ,  and t o  t h e  e f f e c t  o f  l i n e -  
e m is s io n  sp e c tru m  o f  t h e  f a d i n g  lam p . F o r  t h i s  r e a s o n ,  
f a d i n g  on opaque s u b s t r a t e s  was m easu red  m e re ly  by  t h e  t im e  
t a k e n  to  g iv e  a  j u s t  p e r c e p t i b l e  f a d e  i n  t h e  e x p o su re  lam p , 
a  j u s t  p e r c e p t i b l e  f a d e  b e in g  c o n s id e r e d  t o  be e q u i v a l e n t  
i r r e s p e c t i v e  o f  shade  d e p th  ( ï ïe b e r -D e c h n e r  l a w ) .  L a t t e r l y ,  
hov;ever, a  r e f l e c t a n c e  a t ta c h m e n t  f o r  t h e  IJnicam S .D .5 0 0  
s p e c t r o p h o to m e te r  was o b t a i n e d ,  e n a b l i n g  th e  f a d i n g  t o  be 
fo l lo w e d  a c c u r a t e l y .  The d e g re e  o f  f a d i n g  was d e te rm in e d  
a s  t h e  i n c r e a s e  i n  t h e  p e r c e n ta g e  r e f l e c t i o n  m easu red  a t  t h e  
w a v e le n g th  o f  maximum l i g h t  a b s o r p t i o n  o f  t h e  dye on t h e
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s u b s t r a t e  u n d e r  i n v e s t i g a t i o n .
A co m p ar iso n  was made o f  th e  v i s u a l  and i n s t r u m e n t a l  
d e t e r m i n a t i o n  o f  f a d i n g  r a t e s ,  t h e  d a t a  b e in g  p r e s e n t e d  i n  
P i g .  1-3* V i s u a l  jud gem en t o f  f a d i n g  was made by  c o v e r in g  
o n e - h a l f  o f  e a c h  p a t t e r n  by b la c k  c a r d ,  w h i le  t h e  o t h e r  
h a l f  was i r r a d i a t e d ,  o b s e r v in g  th e  q u a l i t a t i v e  e x t e n t  o f  
f a d e ,  a s  judged  by two o b s e r v e r s  a t  f r e q u e n t  i n t e r v a l s  u n t i l  
a  q u i t e  d i s t i n c t  l o s s  o f  dye had o c c u r r e d ,  and t h e n  r e c o r d i n g  
t h e  t im e  ( t p )  a t  w h ich  a j u s t  p e r c e p t i b l e  l o s s  had b ee n  n o te d ,  
The t p  v a l u e s  f o r  r e f l e c t a n c e  m easu rem en ts  r e f e r  t o  t h e  
a p p r o p r i a t e  r e f l e c t a n c e  i n c r e a s e s  c o r r e s p o n d in g  t o  an  a c t u a l  
l o s s  o f  5^ o r  o f  d y e , a s  i n d i c a t e d ,  t h e  r e l a t i o n s h i p  
b e tw een  r e f l e c t a n c e  and dye c o n te n t  b e in g  d e te rm in e d  e x p e r i ­
m e n t a l l y  by p y r i d i n e  e x t r a c t i o n  o f  t h e  dye from  th e  f i b r e  o f  
knovm r e f l e c t a n c e .  The c u rv e s  f o r  t h e  5?^  l o s s  a r e  l e s s  
r e p r o d u c i b l e  t h a n  th o s e  f o r  l o s s  ow ing t o  t h e  d i f f i c u l t y  
o f  t a k i n g  p r e c i s e  m easu rem en ts  o f  f a d i n g  r a t e s  i n  t h e  v e r y  
e a r l y  s t a g e s .
I t  i s  e v i d e n t  from  P i g .  1-5 t h a t  a  *^just p e r c e p t i b l e  
f a d e "  i s  e q u i v a l e n t  a p p r o x im a te ly  t o  a  5^ l o s s  o f  dye from  
t h e  s u b s t r a t e .
I n  e x p e r im e n ts  i n v o l v i n g  t r a n s p a r e n t  s u b s t r a t e s  t h e  
d e g re e  o f  f a d i n g  was d e te rm in e d  a s  t h e  d e c r e a s e  i n  o p t i c a l  
d e n s i t y  m easu red  a t  t h e  w a v e le n g th  o f  maximum a b s o r p t i o n  o f  
t h e  dye u n d e r  i n v e s t i g a t i o n .  By t h e  L a m b e r t-B e e r  la w ,  f o r
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c o n s t a n t  t h i c k n e s s  o f  t r a n s p a r e n t  medium, o p t i c a l  d e n s i t y  
v a r i e s  vd.th c o n c e n t r a t i o n  i n  a  l i n e a r  m an n er , p r o v id e d  t h a t  
no ch an g es  o c c u r  i n  t h e  l i g h t  a b s o r p t i o n  p r o p e r t i e s  o f  t h e  
s o l u t e  due t o  a l t e r a t i o n  i n  t h e  d e g re e  o f  a s s o c i a t i o n  and 
a g g r e g a t io n #  A l i n e a r  r e l a t i o n  w as, i n  f a c t ,  fo u n d  i n  a l l  
t h e  c a s e s  i n v e s t i g a t e d ,  j u s t i f y i n g  t h e  above a ssu m p tio n *
A l l  m easu rem en ts  w ere c a r r i e d  o u t  on t h e  Unicam 8 .2 * 5 0 0  
s p e c t r o p h o to m e te r ,  i n  each  c a se  u s i n g  a  " b la n k "  f i l m  s i n c e  
i t  was fo u n d  t h a t  th e  s u b s t r a t e s  gave a  p o s i t i v e  o p t i c a l  
d e n s i t y  r e a d i n g  due to  r e f l e c t a n c e  f ro m  f i l m  and g l a s s  
s u r f a c e s  and a  c e r t a i n  amount o f  f i l m  a b s o r p t i o n  i n  t h e  n e a r  
u l t r a v i o l e t .
The c h a r a c t e r i s t i c  a b s o r p t i o n  c u rv e  f o r  each  dye i n  i t s  
s u b s t r a t e  was d e te rm in e d  from  w a v e le n g th s  o f  3500 A .-  7000 A# 
a t  i n t e r v a l s  o f  100 A. e x c e p t  a t  maxima and m in im a, w here 
th e  i n t e r v a l  was d e c re a s e d  to  50 A. o r  25 A. a c c o r d in g  t o  
t h e  s h a r p n e s s  o f  t h e  c u rv e .  Such c u rv e s  c o v e r in g  t h e  t o t a l  
r a n g e  o f  e m is s io n  o f  t h e  f a d i n g  lamp w ere  r e q u i r e d  f o r  t o t a l  
a b s o r p t i o n  co m p ar iso n s  be tw een  t h e  d y e s .
The c a l c u l a t i o n  o f  r e l a t i v e  f a d in g  r a t e  from  f a d i n g  c u r v e s *
The d e t e r m i n a t i o n  o f  f a d i n g  r a t e  f o r  opaque s u b s t r a t e s  
was c a r r i e d  o u t  a s  d e s c r ib e d  p r e v i o u s l y  ( p . 4 2 ) .
I n  t h e  c a s e  o f  t r a n s p a r e n t  f i l m s ,  i t  was fo u n d  t h a t  
i n i t i a l  f a d i n g  i n  a  l a r g e  number o f  c a s e s  was r a t h e r
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I r r e g u l a r ,  and i t  i s  assum ed t h a t  t h i s  i s  due t o  p u r e l y  p h y s i c a l  
C hanges , p e r h a p s  t o  some fo rm  o f  r e a r r a n g e m e n t  o f  dye p a r t i c l e s  
o c c a s io n e d  by some l o s s  o f  m o i s tu r e  i n  t h e  f i l m .  C hanges o f  
t h i s  s o r t  may p e rh a p s  a c c o u n t  f o r  t h e  I r r e g u l a r i t i e s  n o t i c e d  i n  
p r a c t i c Q  i n  t h e  e a r l y  s t a g e s  o f  f a d i n g  o f  some dyed f a b r i c s  when 
u n d e r  t e s t  f o r  l i g h t  f a s t n e s s .  C o n s e q u e n t ly ,  t h e  d e c r e a s e  i n  
c o n c e n t r a t i o n  was m easured  o v e r  an i n t e r v a l  o f  t im e  T from
to  Dg 9 t h e  B e le c te d  i n i t i a l  and f i n a l  c o n c e n t r a t i o n s  
r e s p e c t i v e l y ,  b e i n g  t a k e n  a s  t h e  f i r s t  s u i t a b l e  p o i n t  on t h e  
f a d i n g  c u rv e  a f t e r  t h e  dye assum es a  s t e a d y  r a t e  o f  f a d in g #
The t im e  f o r  an  e q u i v a l e n t  fa d e  ^  was t a k e n  a s  t h e  t im e  o f  
e x p o s u r e ,  c a l c u l a t e d  on th e  mean r a t e  o f  f a d i n g  b e tw e e n  and  
Dg , r e q u i r e d  t o  g iv e  a  10^ d e c r e a s e  i n  t h e  v a l u e  o f  .
I n  c a s e s  w here o n ly  s l i g h t  i r r e g u l a r i t i e s  o c c u r r e d  a t  
commencement o f  f a d i n g ,  was t a k e n  a s  t h e  V a lu e  o b t a i n e d  b y  
e x t r a p o l a t i o n  to  z e ro  t im e  o f  ex p o su re -  IJhere no i r r e g u l a r i ­
t i e s  o c c u r ,  t h e  s t r a i g h t f o r w a r d  m easu rem en t o f  t h e  t im e  o f  
e x p o s u re  f o r  an  e q u i v a l e n t  d e c r e a s e  i n  c o n c e n t r a t i o n  was made.
I n  any  one s e t  o f  co m p ar iso n s  b e tw een  f a d i n g  r a t e s ,  t h e  Dane 
sy s te m  o f  c a l c u l a t i o n  was u s e d .
D e te r m in a t io n  o f  dye c o n c e n t r a t i o n  i n  s u b s t r a t e s .
Where t r a n s p a r e n t  dyed f i l m s  w ere u s e d  i n  th e  p r e s e n t  
w ork , o p t i c a l  d e n s i t y  f i g u r e s  have  s u f f i c e d  a s  r e l a t i v e  
c o n c e n t r a t i o n  v a l u e s .
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I n  a l l  c a s e s ,  sam p les  o f  f i l m  o f  t h e  same d im e n s io n s  i n  
e a c h  s e r i e s  w ere  t a k e n ,  and t h e i r  r e s p e c t i v e  o p t i c a l  d e n s i t i e s  
r e c o r d e d  i n  f i l m  form  and a g a in  i n  s o l u t i o n  i n  a  g iv e n  volum e o f  
a  s u i t a b l e  s o l v e n t .  Where t h e  f a d i n g  o f  a  s e r i e s  o f  d y es  was 
b e in g  com pared , e . g . ,  t h e  d y es  d i f f e r i n g  o n ly  i n  t h e  l e n g t h  o f  
a n  a t t a c h e d  a l k y l  s i  de c h a in ,  a  d i s a g g r e g a t i n g  s o l v e n t  had  t o  be  
em ployed  t o  g iv e  s t r i c t l y  co m p arab le  r e l a t i v e  c o n c e n t r a t i o n  
V a lu e s  i n  t h e  s e r i e s .  I n  c e r t a i n  c a s e s  a  co m p a r iso n  was made 
o f  t h e  f a d i n g  o f  a  dye a f t e r  i n t r o d u c t i o n  i n t o  f i l m s  i n  m a rk e d ly  
d i f f e r e n t  s t a t e s  o f  d i s p e r s i o n ,  and h e r e  a l s o  t h e  r e l a t i v e  
c o n c e n t r a t i o n s  were e x p re s s e d  a s  t h e  o p t i c a l  d e n s i t y  o f  t h e  
s o l u t i o n  o f  a  s t a n d a r d  s i z e  o f  f i l m  i n  a  s u i t a b l e  s o l v e n t .
The amount o f  dye on opaque s u b s t r a t e s  was d e te rm in e d  by 
p y r i d i n e  e x t r a c t i o n  o r  d i s s o l u t i o n  o f  t h e  dyed f i b r e ,  w i t h  8 0 ^  
aq u e o u s  s u l p h u r i c  a c i d ,  f o l lo w e d  by m easu rem en t o f  th e  o p t i c a l  
d e n s i t y .  I n  t h i s  c o n n e c t io n ,  t h e r e  a p p e a r s  t o  be  a  l i n e a r  
r e l a t i o n s h i p  b e tw een  t h e  l o g a r i t h m  o f  t h e  r e f l e c t a n c e  and t h e  
lo g a r i t l im  o f  t h e  dye c o n te n t .  P r i o r  to  a c q u i r in g ,  t h e  r e f l e c t ­
a n c e  a t t a c h m e n t  f o r  th e  Unicam S . P . 500 s p e c t r o p h o to m e te r ,  t h e  
dye c o n c e n t r a t i o n  was t a k e n  a s  t h a t  added  t o  t h e  d y e b a th  and  
c a l c u l a t e d  t o  g iv e  th e  r e q u i r e d  d e p th  o f  s h a d e ,  w here t h e  dye 
had  a f f i n i t y  f o r  th e  s u b s t r a t e .  % e r e  c o m p le te  e x h a u s t i o n  o f  
t h e  d y e b a th  c o u ld  n o t  be e f f e c t e d ,  t h e  c o n c e n t r a t i o n  o f  dye 
re m a in in g  i n  t h e  e x h a u s t  l i q u o r s  was d e te rm in e d  s p e c t r o p h o to -  
m e t r i c a l l y  and s u b t r a c t e d  from  t h e  o r i g i n a l  q u a n t i t y  p r e s e n t .
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S u b s t r a t e s  u s e d  and m ethodo o f  c o l o r a t i o n .
G e l a t i n
A 6 ^  aqu eo u s  s o l u t i o n  (7 c . c . )  o f  g e l a t i n ,  o f  p u re  
"inort** p h o to g r a p h ic  q u a l i t y ,  was m ixed w i th  1-6  c .c #  Of 
0.001M dye s o l u t i o n  and  p o u red  on a  " su b b e d "  p h o to g r a p h ic  
g l a s s  p l a t e  (4  i n .  x  2 .5  i n . )  on  a  s c r e w - l e v e l l e d  p l a t f o r m .  
When t h e  f i l m  had s e t ,  i t  was p la c e d  i n  a  s t e a d y  s t r e a m  o f  
a i r  from  a  f a n  u n t i l  d r y .  T h is  p ro c e d u re  e n s u re d  t h e  
p r o d u c t i o n  o f  f i l m s  h a v in g  u n i fo rm  o p t i c a l  d e n s i t y  o v e r  
t h e i r  w hole  a r e a .
I n  c e r t a i n  c a s e s ,  a  w a t e r - i n s o l u b l e  g e l a t i n  f i l m  was 
r e q u i r e d  s u i t a b l e  f o r  d y e in g  by im m e rs io n  i n  a  d y e b a th  a t  
6 0 -8 0 ^ 0 .  The g e l a t i n  a lo n e  was c a s t  and d r i e d  a s  b e f o r e ,  
t h e n  t h e  f i l m  was im m ersed i n  4^ aq u eo u s  fo rm a ld e h y d e  s o l u ­
t i o n  f o r  15 m in u te s ,  a f t e r  w h ich  i t  was washed ? / i th  c o ld  
w a te r  and d r i e d .  The r e s u l t a n t  f i l m  c o u ld  b e  dyed s a t i s ­
f a c t o r i l y  a s  d e s c r i b e d  ab o v e , a l t h o u g h  a t  t h e  h i g h e r  te m p e ra ­
t u r e  ( 8 0 ^ 0 . ) ,  t h e  f i l m  te n d e d  t o  p e e l  o f f  t h e  g l a s s  p l a t e .
M ethy l E th y l  C e l l u l o s e
A 4^  aq u eo u s  s o l u t i o n  o f  C e l l o f e s  A ( l . C . I . )  was 
p r e p a re d  i n  t h e  c o ld  by s t i r r i n g  c o n t i n u o u s l y  f o r  24 h r . , 
and t h e n  c e n t r i f u g i n g  a t  2 ,5 0 0  r . p . m .  f o r  1 h r .  i n  f o u r  
250 c . c .  c o n t a i n e r s ,  to  d e p o s i t  f i b r o u s  m a t e r i a l .  The
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s u p e r n a t a n t  l i q u o r  was th e n  u s e d  f o r  f i l m  c a s t i n g ,  8 c . c .  
p o r t i o n s  b e in g  m ixed w i t h  1 -6  c . c .  o f  0.001M dye s o l u t i o n  
and p o u re d  on g l a s s  p l a t e s  a s  f o r  g e l a t i n .  The p l a t e s  
w ere  l e v e l l e d  on  a  s h e e t  o f  p l a t e  g l a s s ,  p la c e d  on a  m e ta l  
s u r f a c e  h e a te d  from  be low  by f o u r  130  w. c a rb o n  f i l a m e n t  
la m p s .  T h i s  p ro c e d u re  gave  th e  m ost u n i f o r m  f i l m s ,  b u t  
ev en  s o ,  i n e q u a l i t i e s  w ere  n o t i c e d  roun d  t h e  e d g e s ,  and  
o n ly  t h e  c e n t r a l  p a r t s  w ere  u s e d .
C o l lo d io n
A m ix tu r e  o f  80 c . c .  N eco l ( l . C . I . ) ( c e l l u l o s e  n i t r a t e )  
v a m i e h  and 20 c . c .  a c e to n e  was u se d  i n  t h e  p r e p a r a t i o n  o f  
t h e s e  f i l m s .  8 c . c .  o f  t h e  above m ix tu r e  o f  c o l l o d i o n  
v a r n i s h  and 1 -6  c . c .  o f  O.OOIM dye s o l u t i o n  i n  a c e to n e  w ere 
m ix e d ,  s p r e a d  on  a  g l a s s  p l a t e  (4  i n .  x  2 .5  i n . ) ,  and  
a l lo w e d  t o  d ry  i n  a i r .
C e l lo p h a n e
M ost o f  t h e  r e g e n e r a t e d  c e l l u l o s e  f i l m s  u s e d  w ere 
n o rm a l co m m erc ia l  C e l lo p h a n e  ( t h i c k n e s s  0 .0 0 1  i n . ) .  Those 
u s e d  f o r  e x a m in in g  t h e  e f f e c t  o f  p o re  s i z e  w ere d ry  "PT 600 
c e l l u l o s e  f i l m " ,  and t h e  e q u i v a l e n t  600 q u a l i t y  i n  g e l  fo rm . 
The d ry  f i l m  c o n ta in e d  a  w a t e r - s o l u b l e  p l a s t i c i s e r ,  b u t  t h i s  
w ould be rem oved i n  t h e  d y e in g  p r o c e s s .  The aged  g e l  f i l m s  
w ere s t o r e d  w et i n  p o ly th e n e  b a g s  i n  t h e  d a r k  a t  room
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t e m p e r a tu r e  f o r  a b o u t  s i x  m onths.
D i r e c t  d y e s  were a p p l i e d  to  C e l lo p h a n e  fro m  h o t  w a te r  
a l o n e ,  t h e  d i f f e r e n t  d e p th s  o f  c o lo u r  b e i n g  o b t a in e d  by 
d y e in g  r o l l e d  s t r i p s  (10 i n .  x 1*5 i n . )  f o r  d i f f e r e n t  
p e r i o d s  o f  t im e  (1 -1 5  m in .)  a t  8 0 -9 0°C . i n  400 o .o#  o f  dye 
s o l u t i o n  ( 0 # 7 5 g . / l i t r e ) .  The a f t e r t r e a t m e n t s  w i t h  F i x a n o l  
C and M etab o l 0 were made by w ork ing  t h e  dyed f i l m s  f o r  15 
m in .  a t  40^0 . i n  a  s o l u t i o n  o f  6g. o f  r e a g e n t  p e r  100 c . c . ,  
t h e n  r i n s i n g  w e l l ,  and d r y in g  a t  lOO^C. M etab o l 0 was 
f i r s t  r e c r y s t a l l i s e d  from  w a te r ,  w i th  c h a r c o a l  c l a r i f i c a t i o n .
The i n d i g o i d  v a t  d y e in g s  w ere p r e p a r e d  a s  f o l l o w s  
20 c . c .  o f  a  1^ s u s p e n s io n  o f  t h e  dye pow der was v a t t e d  a t  
60 -7 0°C . f o r  10 m in . a f t e r  a d d i t i o n  o f  7 c . c .  o f  10?5 aq u eo u s  
sodium  h y d ro x id e  and O .Jg . o f  sodium h y d r o s u l p h i t e .  The 
v a t  was t h e n  d i l u t e d  t o  200 c . c .  w i t h  warm w a te r  c o n t a i n i n g  
1 c . c .  o f  10^ sodium  h y d ro x id e  and O . i g .  o f  sodium  h y d ro -  
s u l p h i t e  and m a in ta in e d  a t  50-60®C. S t r i p s  o f  C e l lo p h a n e  
(10  i n .  X 1 .5  i n . )  were immersed f o r  v a r y in g  p e r io d s  o f  t im e  
t o  g iv e  a  r a n g e  o f  d e p th s ,  th e n  r i n s e d  and a i r - o x i d i s e d .
One h a l f  o f  e a ch  s t r i p  was th e n  b o i l e d  f o r  15 m in . i n  so ap  
s o l u t i o n  ( l g . / l i t r e ) ,  r i n s e d ,  and o v e n - d r i e d .
I n  t h e  p r e p a r a t i o n  o f  a z o ic -d y e d  C e l lo p h a n e  f i l m s ,  
s h e e t s  o f  f i l m  (6 i n .  x 4 i n . )  w e re  worked fro m  p e r i o d s  
V a ry in g  from  1 to  15 min. i n  a f l a t  d i s h  a t  room t e m p e r a tu r e ,
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i n  a s o l u t i o n  c o n t a i n i n g ,  p e r  l i t r e ,  2g* Of t h e  B r e n th o l  
com ponent and a  t o t a l  o f  1g* o f  sodium  h y d r o x id e ,  2g . o f  
sodium  c h l o r i d e ,  and a  l i t t l e  w e t t i n g  a g e n t  ( C a l s o le n e  
O i l  H3 ( I * 0 . 1 . ) ) ,  p r e p a r e d  i n  t h e  n o rm a l  m ann er . They 
w ere  t h e n  rem oved , w e l l  r i n s e d ,  f i r s t  i n  sodium  c h l o r i d e  
s o l u t i o n  and t h e n  i n  w a t e r ,  and worked f o r  10 m in . i n  a  
c o ld  0 .0 5 ^  s o l u t i o n  o f  t h e  d i a z o t i s e d  b a s e  ( n e u t r a l i s e d  
w i t h  sodium  a c e t a t e  a f t e r  d i a z o t i s a t i o n ) .  One h a l f  o f  
e a c h  p i e c e  was t h e n  b o i l e d  f o r  1 h r .  i n  a  s o l u t i o n  c o n t a i n ­
i n g  2 .5 g .  so ap  f l a k e s  and 2*5g. sodium  c a r b o n a te  p e r  l i t r e .  
B o th  h a lv e s  w ere  f i n a l l y  w e l l  r i n s e d  i n  w a t e r ,  o v e n - d r i e d  
a t  100®C., and m ounted f o r  i r r a d i a t i o n .
N ylon
T r a n s p a r e n t  0 .0 0 3  i n .  n y lo n  f i l m ,  i n  2 .5  i n .  x  4 i n .  
□ t r i p s ,  was dyed i n  400 c . c .  o f  2 -8  z  10"*® M dye s o l u t i o n  
a t  60-90®C* f o r  60 m i n . , a  l i t t l e  d i l u t e  a c e t i c  a c i d  b e in g  
added  i n  some c a s e s  a f t e r  30 m in . t o  e f f e c t  co m p le te  
e x h a u s t i o n .  The m a t e r i a l  was t h e n  w e l l  r i n s e d ,  and d r i e d  
a t  100®C.
V at flyes w ere  a p p l i e d  to  n y lo n  a s  f o l l o w s
S t r i p s  o f  n y lo n  f i l m  (4 i n .  x  3 i n . ) w ere  f i r s t  s e c u re d  
a t  40 C. f o r  15 m in . i n  a  0 . 5 ^  s o l u t i o n  o f  a  n o n - i o n i c
d e t e r g e n t  ( L i s s a p o l  N ( 1 . 0 . 1 . ) ) ,  and t h e n  r i n s e d .  I n  t h e
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d y e b a th ,  0 .1 g .  o f  t h e  v a t  dye pow der, 14 o . o .  o f  20^  
aq u eo u s  sodium  h y d ro x id e  s o l u t i o n ,  and  200 c . c .  o f  w a te r  
w ere  h e a te d  t o  80® 0., t h e n  2g* o f  P o rm o su l 0 (B r)  and 
0*2 g . g .  o f  B l s p e r s o l  7L ( l . C . I . )  w ere  a d d e d ,  and t h e  
t e m p e r a tu r e  r a i s e d  to  90®0. and k e p t  t h e r e a t  f o r  10 m in . 
t o  e n s u re  co m p le te  r e d u c t i o n .  The n y lo n  s t r i p s  w ere  dyed 
( l i g h t l y  r o l l e d ,  i n  t e s t  t u b e s )  f o r  v a r y i n g  p e r i o d s  o f  t im e ,  
t o  o b t a i n  d i f f e r e n t  d e p th s  o f  c o l o u r ,  t h e n  r i n s e d ,  a i r -  
o x i d i s e d ,  soap ed  a t  60®C* f o r  15 m in . i n  a  so ap  s o l u t i o n  
( l O g . / l i t r e ) ,  and r i n s e d  a g a in .  One h a l f  o f  e a c h  s t r i p  was 
t h e n  t r e a t e d  a t  50®C. f o r  5 m in . i n  500 c . c .  o f  a  1.5?^ s o l u ­
t i o n  o f  c in n a m ic  a c id  i n  25/^ aq u eo u s  s o l u t i o n  o f  a c e t o n e ,  
n e x t  r i n s e d  i n  h o t  w a te r ,  soaped  a t  60®0. f o r  15 m in . i n  a  
s o l u t i o n  c o n t a i n i n g  lO g. o f  soap  and 0 . 5g* sodium  h y d ro x id e  
p e r  l i t r e ,  and r i n s e d .  F i n a l l y ,  a l l  t h e  s t r i p s  w ere  o v e n -  
d r i e d  a t  100®C.
A l l  t h e s e  f i l m s  w ere c l ip p e d  to  a  r e c t a n g u l a r  s p a c e r  
o f  g l a s s  ro d  d u r in g  d y e in g  to  e n s u r e  l e v e l n e s s .
S i l k
(M e-gram p o r t i o n s  o f  b o i l e d - o f f  s i l k  f a b r i c  w ere  dyed 
t o  n e a r  e x h a u s t i o n  i n  0 .2fJ d e p th s  f ro m  1 0 0 -v o l .  b a t h s  
c o n t a i n i n g  1^  s u l p h u r i c  a c i d ,  on t h e  w e ig h t  o f  f i b r e , and 
t h e n  r i n s e d  and d r i e d .
55
The s i l k  f a b r i c  had  t h e  f o l l o w i n g  s p e c i f i c a t i o n s *  
w eave, p l a i n ;  warp and w e f t ,  80 d e n .  3 5 -4 0  f i l . |  s e t  
112 X 112; 1 .5  o z . / s q . y d .
wool
One-gram p a t t e r n s  o f  s c o u re d  w o rs te d  f l a n n e l  w ere 
dyed  by th e  m ethod u s e d  f o r  s i l k .
"Viscose Eayon
The v i s c o s e  ra y o n  m a t e r i a l s  u s e d  f o r  t h e  r e s u l t s  i n  
F i g .  27 and 31 c o m p rised  t h r e e  f a b r i c s  i d e n t i c a l  i n  s t r u c ­
t u r e  (w eave, p l a i n ;  warp and w e f t ,  1 /1 Be ( c o t t o n  c o u n t ) ;  
s e t ,  60 X 54) b u t  made fro m  F ib ro  ( C o u r ta u ld s )  s t a p l e  
f i b r e  o f  d i f f e r e n t  p h y s i c a l  c h a r a c t e r i s t i c s ,  a s  f o l l o w s : -
(a )  S ta n d a rd  F ib r o  ( 1 .5  d e n i e r ,  1 ^"^16 i n .  s t a p l e ) .
(b )  S t ro n g  F ib r o  (1 .2 5  d e n i e r ,  1 i n .  s t a p l e ) ,  
s t a t e d  to  b e  a  T enasco  ( C o u r ta u ld s )  ty p e  o f  m a t e r i a l ,  h a v in g  
Q s m a l l  c r y s t a l l i t e  s i z e  and t h u s  a  r a t h e r  r e f i n e d  s t r u c t u r e .
(c )  L o w -s w e l l in g  F ib r o  (1*5 d e n i e r ,  1 ^^16  I n .  s t a p l e ) ,  
made f ro m  t h e  same s p i n n i n g  a s  ( a )  b u t  d i s t i n g u i s h e d  by 
h a v in g  b e e n  r e c r y s t a l l i s e d  by a  p h y s i c a l  a f t e r t r e a t m e n t .
The i m b i b i t i o n  v a l u e s  w ere -  ( a )  8 7 ^  (b )  66fo ( c )  55# • 
T hese  f i g u r e s  r e f e r  t o  m o i s tu r e  r e t e n t i o n  i n  a  s t a n d a r d i s e d  
t e s t  u s e d  by  t h e  m a n u f a c t u r e r s ,  and may b e  t a k e n  a s  a
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q u a l i t a t i v e  m easu re  o f  t h e  r e l a t i v e  i n t e r n a l  p o re  volum e 
o f  t h e  f i b r e s .
The m a t e r i a l s  u s e d  f o r  th e  r e s u l t s  i n  F i g . 2 5 ,2 6 ,2 8 ,2 9 ,  
30  and 32  w ere  t a f f e t a  f a b r i c s  made from  c o n t i n u o u s - f i l a m e n t  
y a m s  and a l l  were i d e n t i c a l  i n  s t r u c t u r e  (? ;eave, p l a i n ;  
warp and w e f t ,  30  d e n i e r ;  s e t ,  104 z  104; 0 * 8 - 0 .9  o z . /  
s q . y d . ; o r d i n a r y  v i s c o s e  ra y o n  and T en a sco , 12 f i l a m e n t s  
p e r  y a m ;  B i r a f i l  ( C o u r t a u l d a ) , 100 f i l a m e n t s  p e r  y a r n ) .
The r e s p e c t i v e  i m b i b i t i o n  v a l u e s  w ere  118 , 94 and  69# .
A l l  t h e s e  f a b r i c s  w ere s u p p l i e d  c o m m e rc ia l ly  c l e a n  and 
s c o u r e d ,  and w ere u s e d  w i th o u t  f u r t h e r  p r e t r e a t m e n t .
The v i s c o s e  ra y o n  f a b r i c s  w ere  d y e d ^ in  1*5g . p o r t i o n s  
f o r  45 m in . a t  85-90®C* i n  40-vo lum e b a t h s  c o n t a i n i n g  0 .2 5 -  
6 .0 #  dye ( r e f e r r e d  t o  w e ig h t  o f  f a b r i c ) ,  20# G l a u b e r s a l t ,  
and a  few  d ro p s  o f  w e t t i n g  a g e n t  ( D i s p e r s o l  VL), t h e n  w e l l  
r i n s e d ,  and o v e n - d r i e d .  The am ount o f  dye on e a c h  o f  t h e  
sam p les  was m easu red  by d i s s o l u t i o n  o f  t h e  f i b r e  i n  8 0 #  
aq u eo u s  s u l p h u r i c  a c i d  o r  by e x t r a c t i o n  o f  t h e  dye f ro m  t h e  
f i b r e  w i th  50# aq u eo u s  p y r i d i n e .
A n o d ised  A lum inium
P i e c e s  (6 i n .  x  4 i n . )  o f  a lu m in iu m  f o i l  ( 0 .0 0 2  i n .  
t h i c k ,  99*99# p u r i t y )  w ere a n o d is e d  f o r  1 h r .  i n  e i t h e r
( a )  20# ( w t . / v o l . )  s u l p h u r i c  a c id  a t  25^0* and 12v . o r
§ M ic ro s c o p ic  e x a m in a t io n  o f  f i b r e  c r o s s - s e c t i o n s  showed dye 
p e n e t r a t i o n  to  be  c o m p le te .
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(b )  3#  aq u e o u s  ch rom ic  a c id  a t  40®C. and 4 5 v . ,  t h e  e l e c t r o ­
l y t e  b e in g  c o n t in u o u s ly  a g i t a t e d .  The f o i l  was t h e n  w e l l  
r i n s e d ,  d r i e d  a t  150-140®C. f o r  1 h r . ,  end  s t o r e d  i n  a  
d e s i c c a t o r  u n t i l  r e a d y  f o r  u s e .  The a c t u a l  w e ig h t  o f  f i l m  
p r e s e n t  was d e te rm in e d  by w e ig h in g  t h e  a n o d is e d  m a t e r i a l  
b e f o r e  and a f t e r  d i s s o l v i n g  t h e  f i l m  i n  ch ro m ic  a c i d -  
p h o s p h o r ic  a c id  s o l u t i o n .  D is c s  1 i n .  i n  d i a m e t e r ,  t o  f i t  
t h e  s p e c t r o p h o to m e te r  r e f l e c t a n c e  a t t a c h m e n t ,  w ere  c u t  fro m  
th e  f i n i s h e d  s h e e t s ,  and dyed i n  10 c . c .  p o r t i o n s  o f  dye 
s o l u t i o n s  o f  c o n c e n t r a t i o n s  0 . 0 1 2 5 - 0 . l O g . / l i t r e  f o r  10 m in . 
on a  b o i l i n g  w a te r  b a t h .  They w ere  t h e n  r i n s e d  and  o v e n -  
d r i e d .
Ov/ing t o  t h e  d i f f i c u l t y  o f  a n o d i s i n g  t h e  two s i d e s  
u n i f o r m ly ,  t h e  d e p th  o f  d y e in g  was n o t  t h e  same on t h e  two 
s i d e s .  F o r  t h i s  r e a s o n  a l s o ,  i t  i s  n o t  p r a c t i c a b l e  to  
c o r r e l a t e  t h e  d a t a  f o r  t h e  t o t a l  am ount o f  dye a d s o rb e d  by 
e a c h  d i s c  ( c a l c u l a t e d  from  a b s o r p t i o m e t r i c  m easu rem en ts  o f  
t h e  e x h a u s t  l i q u o r s )  w i th  t h e  i n d i v i d u a l  r e f l e c t a n c e  
m easu rem en ts  f o r  t h e  two s i d e s .  C o n s e q u e n t ly  t h e  o r d i n a t e s  
o f  F i g . 35 r e f e r  to  a  10# i n c r e a s e  o f  r e f l e c t a n c e  v a l u e s ,  and 
t h e  a b s c i s s a e  to  t h e  i n i t i a l  r e f l e c t a n c e  r e a d i n g s  f o r  e a c h  
i n d i v i d u a l  d i s c  s i d e .  The a c t u a l  i n i t i a l  p e r c e n t a g e s  o f  
(c o m m erc ia l)  dye p r e s e n t  ( r e f e r r e d  t o  t h e  t o t a l  w e ig h t  o f  
f i l m  on b o th  s i d e s  o f  e a c h  d i s c )  a r e  g iv e n  b e lo w ; -
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The s e l f  c o l o r a t i o n  o f  s i l k .
A s e r i e s  o f  p a r a - s u h s t l t u t e d  a n i l i n e  d e r i v a t i v e s  w ere  
d i a z o t i s e d  i n  t h e  u s u a l  m anner a f t e r  w h ich  t h e  d la z o  s o l u ­
t i o n s  w ere  n e u t r a l i s e d  ( to  Congo Red) hy a d d i t i o n  o f  sodium  
a c e t a t e  s o l u t i o n .  W etted  sam p le s  o f  s i l k  w ere  t h e n  i n t r o ­
duced  to  a  s e r i e s  o f  t u b e s  c o n t a i n i n g  a  r a n g e  o f  c o n c e n t r a ­
t i o n s  o f  d ia z o  s o l u t i o n .  The s i l k  p a t t e r n s  w ere  s t i r r e d  
f o r  10-15  m in . and l e f t  o v e r n ig h t  i n  t h e  r e f r i g e r a t o r  f o r  
c o m p le t io n  o f  c o u p l in g ,  a f t e r  w h ich  t h e y  w ere  r i n s e d  
th o r o u g h ly  w i t h  c o ld  w a te r  and d r i e d .  I n  a l l  e a s e s  t h e  
c o l o r a t i o n  was m ost u n ev e n  and u n s u i t a b l e  f o r  f a d i n g  
m easu rem en ts  a n d ,  a s  no s a t i s f a c t o r y  c o l o r a t i o n s  c o u ld  be 
o b ta in e d  i n  f u r t h e r  a t t e m p t s ,  th o  work was ab a n d o n ed .
The am in es  u s e d  w ere  s u l p h a n i l i o  a c i d ,  £ - a n i s i d i n e  
and  £ - n i t r o a n i l i n e .
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The p r e p a r a t io n  o f  m er o o y a n ln e  and aao  dye d i s p e r s i o n s .
A ? ; a t e r - i n 30 l u b l e  m e ro c y a n in e  dye was t r e a t e d  a s
fo l lO W S î-
( a )  Ground t o  a  f i n e  d i s p e r s i o n  i n  w a te r  a l o n e ,  t h e n  
added  i n  m easu red  p r o p o r t i o n s  t o  6# aq u e o u s  g e l a t i n  s o l u ­
t i o n ,  o r  4# aq ueou s  C e l l o f a s  A ( l . C . I . )  (m e th y l e t h y l  c o l l u -  
l o s e )  s o l u t i o n ,  w i th  good a g i t a t i o n ,  b e f o r e  s e t t i n g  and 
d r y in g .
(b ) Added i n  m easu red  p r o p o r t i o n s  fro m  0*05# s o l u t i o n  
i n  a c e to n e  to  6# aq u eo u s  g e l a t i n ,  o r  4# aq u eo u s  C e l l o f a s  A 
s o l u t i o n ,  w i th  good a g i t a t i o n ,  b e f o r e  s e t t i n g  and d r y i n g .
(c )  As ( b ) ,  b u t  i n  p l a c e  o f  g e l a t i n  o r  C e l l o f a s  A s o l u ­
t i o n ,  a  m ix tu r e  o f  80 o . o .  N eco l ( c e l l u l o s e  n i t r a t e )  v a m i e h  
and 20 c . c .  a c e to n e  was u s e d .
The f i l m s  p r e p a re d  fro m  t h e  m e ro c y a n in e  d i s p e r s i o n  had  
t h e  c o a r s e s t  p a r t i c l e s ,  t h o s e  p r e p a r e d  a s  u n d e r  (b )  w ere 
s l i g h t l y  t u r b i d ,  b u t  no p a r t i c l e s  w ere  v i s i b l e ,  ev en  a t  
250 X m a g n i f i c a t i o n ,  and t h e  c o l l o d i o n  f i l m s  w ere c o m p le te ly  
t r a n s p a r e n t ,  and no p a r t i c l e s  c o u ld  be  s e e n  u n d e r  t h e  m ic ro ­
s c o p e .
The azo dye ( j o - a n i s id in e    —> ■ B -n a p h th o l )  was t r e a t e d
by m ethods  (b )  and ( c ) .
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The m o u n tin g  o f  c o lo u re d  s u b s t r a t e s  f o r  f a d i n g .
F o r  t h e  f a d i n g  o f  opaque s u b s t r a t e s ,  ju d g ed  v i s u a l l y ,
5 cn . X 1 cm. s t r i p s  w ere s t a p l e d  t o  c a rd  w i t h  a  h in g e d  
b l a c k  c a rd  f l a p  c o v e r in g  o n e - h a l f  o f  t h e  s u r f a c e .  ^ e n  
t h e  f a d i n g  was fo l lo w e d  s p e c t r o p h o t o m e t r i c a l l y ,  t h e  opaque 
s u b s t r a t e  was c u t  i n  1 i n .  c i r c l e s  s u i t a b l e  f o r  i n s e r t i o n  
i n  t h e  r e f l e e t a n c e  a t t a c h m e n t . The p i e c e s  were clam ped
b e tw e en  g l a s s  f o r  i r r a d i a t i o n ,  t h e  b ac k  b e i n g  s h i e l d e d  from  
t h e  l i g h t .
The t r a n s p a r e n t  f i l m s  wero c u t  i n  50 mm. x  11 mm. 
s t r i p s  s u i t a b l e  f o r  d i r e c t  i n s e r t i o n  i n  t h e  c e l l - o a r r i o r  o f  
t h e  s p e c t r o p h o to m e te r .  I n  th e  c a s e  o f  f i l m s  c a s t  and d r i e d  
on g l a s s  p l a t e ,  t h e  f i l m  s u r f a c e  was co v e red  w i th  a  s e c o n d ,  
e q u a l - s i z e d  p o r t i o n  o f  s i m i l a r  g l a s s ,  and t h e  en d s  w ere  
bound t o g e t h e r  w i th  t a p e  to  p r e v e n t  p e e l i n g .  The t r a n s p a r ­
e n t  n y lo n  and c e l lo p h a n e  f i l m s  w ere  clam ped b e tw een  two 
s t r i p s  o f  s i m i l a r  g l a s s  o f  t h e  above  m en tio n ed  d im e n s io n s  
and  bound t o g e t h e r  w i th  t a p e .  F o r  e x p e r im e n ts  u s i n g  
f i l t e r e d  l i g h t ,  t h e  c o v e r  g l a s s  was t h e  f i l t e r  i t s e l f ,  w h ich  
was p la c e d  to w a rd s  t h e  lam p , t h e  b a c k  o f  th e  f i l m  b e in g  
s h i e l d e d  from  r e f l e c t e d  l i g h t  by b l a c k  c a r d .
The m easu rem en t o f  o x i d a t i o n  and r e d u c t i o n  r a t e s .
The dye and th e  r e a g e n t  s o l u t i o n ,  ch o sen  f o r  i t s
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s u i t a b l e  r e a c t i o n  r a t e ,  w ere  m ixed i n  a  s t o p p e r e d  tu b e  a t  
room t e m p e r a tu r e ,  and t h e  o p t i c a l  d e n s i t y  m easu red  a t  i n t e r ­
v a l s #  The o x i d a t i o n  and r e d u c t i o n  r a t e  m easu rem en ts  w ere 
made on a  p h o t o e l e c t r i c  t e s t - t u b e  a b s o r p t i o m e t e r .
The c h o ic e  o f  r e a g e n t s  and c o n d i t i o n s  i s  r a t h e r  s e v e r e l y  
l i m i t e d  by t h e  n e c e s s i t y  o f  u s i n g  dye s o l u t i o n s  o f  s u i t a b l e  
s t r e n g t h  f o r  d i r e c t  c o l o r i m e t r i c  m easu rem en t, and r e a g e n t s  
w h ich  r e a c t  t h e r e w i t h  a t  a  m e a su re a b lo  s p e e d ;  i n  a  num ber 
o f  c a s e s  t h e  r e a c t i o n  was n o t  m e a s u r e a b le ;  i t  e i t h e r  
o c c u r r e d  i n s t a n t a n e o u s l y  o r  n o t  a t  a l l ,  and i n  o r d e r  t o  
o b t a i n  a  co m p le te  s e r i e s  o f  t e s t s  a  V a r i e t y  o f  r e a g e n t s  a t  
a  number o f  w id e ly  d i f f e r e n t  c o n c e n t r a t i o n s  was u s e d .  The 
r a t e  f o r  e a c h  p a i r  ( o r  s e r i e s )  o f  d y e s ,  h ow ever, was 
m easu red  w i th  e a c h  ch osen  r e a g e n t  u n d e r  i d e n t i c a l  c o n d i t i o n s  
a t  t h e  same t im e .
P y r i d i n e ,  e t h y l  a l c o h o l  o r  a c e to n e  w ere  u se d  i n  c e r t a i n  
c a s e s  i n  t h e  above t e s t s  t o  p r e v e n t  o r  r e d u c e  t h e  f o r m a t io n  
o f  d y e - a g g r e g a te s  w hich  would g iv e  anom alous r e a c t i o n  r a t e s #
60*
pyea u s e d  i n  s u r f a c e - a c t l v i t y  s e c t i o n .
P y e - a e r i e a
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The i n f l u e n c e  o f  s u b s t r a t e  upon  f a d i n g #
T h is  work w as c a r r ie d  o u t  i n  c o n t in u a t io n  o f  t h a t  o f  
C h ip a lk a t t i  e t  a l . u pon  t h e  i n f l u e n c e  o f  t h e  s u b s t r a t e  o n  
t h e  n a tu r e  o f  t h e  f a d in g  r e a c t i o n .  S e v e r a l  s e r i e s  o f  
p h e n y la z o n a p h th a le n e  d y e s ,  b o th  w a t e r - s o l u b l e  and w a t e r -  
i n s o l u b l e ,  w ore fa d e d  on a  v a r i e t y  o f  s u b s t r a t e s  and t h o  
r e l a t i v e  f a d in g  r a t e s  w ere  p l o t t e d  a g a in s t  t h e  Hammett 
( r e v a lu e s  f o r  t h e  r e s p e c t i v e  s u b s t i t u e n t  g r o u p s  i n  t h e  
o r  j ^ p o s i t i o n  i n  th e  b e n z e n e  n u c le u s *  M n e a r  p l o t s  w er e  
o b ta in e d *  By e x t e n d in g  t h e  w ork o f  E i e n l e  e t  a l * and  
A th e r to n  e t  a l . ,  C h ip a lk a t t i  e t  a l . had fo u n d  t h a t  t h e  
e lo p e  o f  Buch p l o t s  i s  p o s i t i v e  o n ly  on  p r o t e i n  s u b s t r a t e s j  
on  a l l  o t h e r  s u b s t r a t e s ,  in c lu d i n g  n y lo n ,  i t  i s  n e g a t i v e .  
They c o n c lu d e d  t h a t  t h e  f a d in g  m echan ism  d i f f e r e d  fu n d a ­
m e n t a l ly  on  t h e  two c l a s s e s  o f  s u b s t r a t e ,  and s u g g e s t e d  
t h a t  on  p r o t e i n s  t h e  s u b s t r a t e  t a k e s  p a r t  i n  t h e  f a d in g  
r e a c t i o n ,  w h e r e a s , on  o t h e r  s u b s t r a t e s ,  f a d in g  i n v o l v e s  
o n ly  d ye and w a te r ,  a n d /o r  o x y g e n , th e  s u b s t r a t e  b e h a v in g  
a s  an i n e r t  s u r fa c e *
I t  had a l r e a d y  b een  o b se rv e d  t h a t  t h e . i n d i v i d u a l  
p o i n t s  i n  t h e  p l o t s  j u s t  m e n tio n e d  t e n d  t o  b e  r a t h e r  w id e ly  
s c a t t e r e d  a b o u t  t h e  r e g r e s s i o n  l i n e s  ( c a l c u l a t e d  by t h e  
l e a s t - s q u a r e s  m e t h o d ) ( F i g .5 - 7 ) .  I n  t h e  c a s e  o f  opaque 
s u b s t r a t e s  i t  was th o u g h t  t h a t  t h e  p r i n c i p a l  s o u rc e  o f  e r r o r
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was th e  d i f f i c u l t y  o f  ju d g in g  t h e  e x t e n t  o f  f a d i n g  by e y e ,  
b u t  even  r e s u l t s  s p e c t r o p h o t o n e t r i c a l l y  d e te rm in e d  a r e  n o t  
e n t i r e l y  f r e e  fro m  random  e r r o r s  ( F i g , 8 ) .  As w i l l  b e
shown l a t e r ,  t h e  l i g h t  f a s t n e s s  o f  m ost d y e s  i s  c o n s i d e r a b l y  
I n f l u e n c e d  by t h e i r  s t a t e  o f  p h y s i c a l  d i s p e r s i o n  i n  t h e  
s u b s t r a t e ,  and much o f  t h e  random e r r o r  n o t  a c c o u n te d  f o r  
by d i f f i c u l t i e s  o f  m easu rem en t m ig h t  p e r h a p s  b e  a t t r i b u t a b l e  
t o  t h i s  c a u s e ,  o r i g i n a t i n g  p r o b a b ly  i n  s m a l l  v a r i a t i o n s  i n  
t h e  c o n d i t i o n s  o f  d r y i n g .  F u r t h e r ,  i t  had b ee n  o b s e rv e d  
t h a t  some w a t e r - i n s o l u b l e  d y es  a p p e a re d  t o  be  more u n i f o r m ly  
d i s p e r s e d  i n  f i l m s  o f  c o l l o d i o n  t h a n  i n  o t h e r  s u b s t r a t e s .  
A c c o rd in g ly  s e r i e s  o f  w a t e r - i n s o l u b l e  s u b s t i t u t e d  b e n z e n e -  
a z o -  2 - a a p h t h o l  d y es  w ere  c a s t  i n  c o l l o d i o n  and exam ined 
f o r  fa d in g *  The r e l a t i v e  f a d i n g  r a t e s  conform ed t o  t h e  
o r d e r  o f  f a d i n g  a s  e x p e c te d  f o r  n o n - p r o t e i n  s u b s t r a t e s ,  b u t  
much im p ro v ed  freed om  from  random e r r o r  was a l s o  o b s e rv e d  
( F i g . g ) .
The p r i n c i p a l  s o u r c e s  o f  e r r o r  i n  t h e  g e n e r a l  m ethod 
w ould t h e r e f o r e  seem t o  l i e  i n  t h e  n o n -u n i fo rm  p h y s i c a l  
s t a t e  o f  t h e  d y es  i n  t h e  s u b s t r a t e s ,  a n d ,  i n  t h e  c a s e  o f  t h e  
V i s u a l l y  t e s t e d  m a t e r i a l s ,  i n  t h e  d i f f i c u l t y  o f  j u d g in g  t h e  
e x t e n t  o f  fa d in g *
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The p h y s i c a l  s t a t e  o f  d y e s  i n  s u b s t r a t e s .
S in c e  t h e  f a d in g  r e a c t i o n  i n v o l v e s  o x y g e n  a n d /o r  
w a te r  v a p o u r , th e n  i t  m ust b e in f l u e n c e d  b y  t h e  s i z e  and  
n a tu r e  o f  th e  a i r - d y e  i n t e r f a c e  i t h e  s m a l le r  t h e  s u r f a c e  
a r e a  e x p o s e d , t h e  l e s s  r a p id  w i l l  b e  t h e  f a d i n g .  B ean  
and Rowe show ed t h a t  s o a p - b o i l i n g  o r  s t e a m in g , w h ic h  c a u se d  
m i c r o s c o p i c a l l y  v i s i b l e  c r y s t a l  grow th  o f  i n s o l u b l e  a a o  
d y e s  o n  c e l l u l o s e  f i b r e s ,  t h e r e f o r e  r e d u c in g  th o  s u r f a c e  
a r e a ,  a t  t h e  same t im e  im p roved  th e  l i g h t  f a s t n e s s .  The 
v e r y  lo w  l i g h t  f a s t n e s s  o f  v a t  d y e s  on n y lo n ,  com pared w ith  
t h e i r  f a s t n e s s  on  c e l l u l o s e ,  h a s  l i k e w i s e  b e en  a t t r i b u t e d  
t o  t h e i r  much s m a l le r  p a r t i c l e  s i z e  o n  t h e  fo r m e r  s u b s t r a t e ,  
o c c a s io n e d  b y  th e  r e s t r i c t i o n  o f  d ye c r y s t a l  g ro w th  b y  t h e  
g r e a t e r  c o m p a c tn e ss  o f  t h e  f i b r e  (B ow k er, W h ite , d i s c u s s i n g  
p a p e r  by S m ith ; D o u g la s ) . E xam in in g  t h e  e f f e c t  o f  s o a p in g  
on  v a t  d y e in g s  on « C e llo p h a n e " , Sum ner, T i c k e r s t a f f  and  
W aters o b ta in e d  no s i g n i f i c a n t  i n c r e a s e  i n  l i g h t  f a s t n e s s .  
E le c t r o n  p h o to -m ic r o g r a p h s  o f  a g ed  c o l l o i d a l  s u s p e n s io n s  
(d y ed  f i l m  d id  n o t  show t h e  e f f e c t )  show ed t h a t  t h e  t r e a t ­
m en t ch an ged  t h e  d y e  from  am orphous p a r t i c l e s  t o  l o n g ,  
n e e d le - s h a p e d  c r y s t a l s *  The s u r f a c e  a r e a  o f  t h e  d y e  i s  n o t  
show n by t h e  e l e c t r o n  p h o to -m ic r o g r a p h s  t o  b e  d e c r e a s e d  by  
t h e  c r y s t a l l i s a t i o n  p r o c e s s  a s  i t  u n d o u b te d ly  i s  i n  t h e  c a s e  
o f  t h e  a zo  d ye s y s te m s  exam in ed  by B ean  and Rowe* I t  n ay  
b e t h a t  t h e  t r a n s f o r m a t io n  o f  t h e  o r i g i n a l  am orp h ou s, com p act
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p a r t i c l e s  o f  v a t  d y e  i n t o  l o n g ,  f i la m e n t o u s  c r y s t a l s  may 
e v e n  i n c r e a s e  t h e  s u r f a c e  a r e a .
T hat w a t e r - s o lu b l e  d y e s  a r e  m o le c u la r ly  a t t a c h e d  t o  
f i b r e s  i s  p r o b a b ly  t r u e  when t h e  s o l v e n t  (w a te r )  i s  p r e s e n t ,  
b u t  when t h e  f a b r i c  i s  d r ie d  o u t ,  a s  i t  a lw a y s  m u st b e  
b e f o r e  u s e ,  i t  c o n t a in s  o n ly  an e q u i l ib r iu m  am ount o f  
a d so r b e d  w a te r .  The a d so r b e d  w a te r  i s  l i k e l y  t o  b e  some 
2 -2 0 ^  o f  t h e  w e ig h t  o f  f i b r e ,  and t h e  d ye m ust o b v io u s ly  b e  
l a r g e l y  d e p o s i t e d  from  s o l u t i o n ,  a l th o u g h  a  p r o p o r t io n  o f  
t h e  w a te r  may c o n t in u e  t o  s o l v a t e  t h e  d y e . The form  
assum ed  by t h e  d ye when t h e  w a te r  i s  l a r g e l y  rem oved w i l l  
o b v io u s ly  i n f l u e n c e  t h e  l i g h t  f a s t n e s s .  The d y e  may 
p e r h a p s  a g g r e g a t e .  I n  c e r t a i n  c a s e s  t h e  c r y s t a l s  o r  
a g g r e g a t e s  so  form ed  may b e r e l a t i v e l y  s m a l l :  t h e  p r e s e n t
r e s u l t s  s u g g e s t  t h a t  th e y  may b e w e l l  b e lo w  o p t i c a l  m ic r o ­
s c o p i c  s i z e .  P r e s to n  and M orton  h a v e  r e c o r d e d  t h e  
b e h a v io u r  o f  ( a i r - d r y )  d yed  c e l l u l o s e  f i b r e s  o b s e r v e d  u n d er  
t h e  m ic r o s c o p e , i n  p o la r i s e d  l i g h t .  M orton  c o n c lu d e d , by  
o b s e r v a t io n s  on  s o l i d  d y e s  end s t r e a m in g  d ye s o l u t i o n s ,  t h a t  
d i r e c t  d y e  m o le c u le s  a r e  a t ta c h e d  l e n g t h w i s e ,  i . e .  w i t h  t h e i r  
l o n g  a x e s  p a r a l l e l  t o  th e  c e l l u l o s e  m o le c u la r  c h a in s ,  and 
t h a t  i n  th e  s o l i d  pow der o r  c r y s t a l s  t h e y  a r e  a r r a n g e d  w it h  
t h e i r  lo n g  a x e s  a c r o s s  th e  l e n g t h  o f  t h e  c r y s t a l .
A stb u ry  and Dawson d e t e c t e d  e v id e n c e  o f  d ye c r y s t a l l i t e s
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I n  sa m p le 0 o f  d ry  wool f i b r e  dyed w i th  a  few  a c i d  d y es  
(Solway B lu e s )  by X -ra y  e x a m in a t io n .  I n  o t h e r  c a s e s  no 
su c h  e v id e n c e  was o b t a i n e d ,  b u t  t h e  p o s s i b i l i t y  o f  amor­
phous  a g g r e g a t e s  b e in g  p r e s e n t  i n  t h e s e  c a s e s  may n o t  be 
r u l e d  o u t .  Speakman and S m ith  a l s o  n o t i c e d  t h e  p r e s e n c e  
o f  f r e e  p a r t i c l e s  o f  s o l i d  d y e ,  l a r g e  enough to  bo r e a d i l y  
v i s i b l e  u n d e r  t h e  m ic ro s c o p e ,  i n  wool dyed a t  60#5^0 . w i th  
Solway B lu e  SEN i n  p r e s e n c e  o f  s u lp h o n a te d  c a s t o r  o i l .
No p a r t i c l e s  a p p e a re d  i n  f i b r e s  dyed a t  9 7 ^0 . R o y er  and 
I l a r e s h  r e p o r t e d  s i m i l a r  o b s e r v a t i o n s .
F a d in g  r e a c t i o n  o r d e r s .
I n  t h e  n o rm a l d y e - s u b s t r a t e  sy s te m  o n ly  t h e s e  m o le c u le s  
i n  d i r e c t  c o n t a c t  w i th  t h e  a tm o sp h e re  can  t a k e  p a r t  i n  t h e  
f a d i n g  r e a c t i o n ,  a i r  a n d / o r  w a t e r ,  a s  a l r e a d y  s t a t e d ,  b e in g  
e s s e n t i a l  p a r t i c i p a n t s  i n  t h e  r e a c t i o n .  The r e a c t i o n  o r d e r  
o f  f a d i n g  may, t h e r e f o r e ,  b e  d e te rm in e d  by  t h e  a b s o r p t i o n  o f  
t h e  a c t i v e  r a d i a t i o n  by t h e  dye p r e s e n t  i n  t h e  i n t e r f a c e ,  
end  w i l l  n o t  n e c e s s a r i l y  d e c r e a s e  w i t h  i n c r e a s e  i n  t h e  t o t a l  
dye c o n c e n t r a t i o n ,  a s  would b e  t h e  c a s e  i n  an " i d e a l "  sy s te m . 
The o r d e r  may re m a in  c o n s t a n t ,  a d d i t i o n a l  dye g o in g  t o  
i n c r e a s e  t h e  d y e - p a r t i c l e  s i z e  w i th o u t  v e r y  much a f f e c t i n g  
t h e  s i z e  o f  t h e  i n t e r f a c e ,  and i t  may be  c a l l e d  t h e  
" a p p a r e n t  r e a c t i o n  o r d e r " .  T h is  i s  a  c h a r a c t e r i s t i c  
p a r a m e te r  o f  t h e  d y e - s u b s t r a t e  s y s te m ,  b u t  i t  b e a r s  no
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n e c e s s a r y  r e l a t i o n  t o  t h e  o r d e r  d e te rm in e d  by  s t u d y i n g  t h e  
r a t e - o f - f a d i n g  c u rv e  f o r  a  s i n g l e  c o n c e n t r a t i o n  o f  dye on 
a  s u b s t r a t e .  The l a t t e r  may be  r e f e r r e d  t o  a s  t h e  
" r e a l  r e a c t i o n  o r d e r "  and i s  l i k e l y  t o  commence a t  a  v a l u e  
somewhat b e low  u n i t y ,  and s t e a d i l y  f a l l  to w a rd s  z e ro  a s  
f a d i n g  p r o g r e s s e s ,  t h e  s m a l l e r  dyo p a r t i c l e s  d i s a p p e a r i n g  
f i r s t ,  w i t h  a  r e s u l t a n t  s t e a d y  d e c r e a s e  i n  s u r f a c e / w e i g h t  
r a t i o ,  u n t i l  o n ly  t h e  l a r g e s t  p a r t i c l e s  a r e  l e f t ,  w h ich  
h av e  a  r e a c t i o n  o r d e r  a p p r o a c h in g  z e r o .  I n  t h e  c a s e  o f  a  
dye f a d i n g  i n  a  t r u e  m o le c u l a r  d i s p e r s i o n  u n d e r  u n i fo rm  
i r r a d i a t i o n ,  a  t h i r d  o r d e r  may b e  d e f i n e d ,  t h e  " i d e a l  
r e a c t i o n  o r d e r " .
The t h r e e  r e a c t i o n  o r d e r s  t h u s  d e f in e d  h av e  t h e  same 
n u m e r i c a l  v a l u e ,  i . e .  u n i t y ,  w here t h e  dye i s  s p r e a d  a s  a  
t r u e  m o n o lay e r  i n  t h e  s u b s t r a t e  and o n ly  a  s n a i l  p r o p o r t i o n  
o f  t h e  a c t i v e  i n c i d e n t  r a d i a t i o n  i s  a b s o rb e d .  The r e a l  
r e a c t i o n  o r d e r  th e n  re m a in s  c o n s t a n t  th r o u g h o u t  i r r a d i a t i o n ,  
b e c a u s e  no change i n  a v e ra g e  p a r t i c l e  s i z e  can  t a k e  p l a c e .
The work d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n s  i s  
d e s ig n e d  to  d e m o n s t r a te  how t h e  f e a t u r e s  o f  t h e  CF c u rv e  
may g iv e  i n f o r m a t i o n  upon  t h e  p h y s i c a l  s t a t e  o f  t h e  d y e .
To p r e s e r v e  t h e  c o n t i n u i t y  o f  t h e  d i s c u s s i o n ,  some o f  t h e  
w ork i n c lu d e d  i s  t h a t  o f  t h e  a u th o r * s  fo rm e r  c o l l e a g u e ,
D r. IÎ. M acaulay ( s e e  "A cknow ledgem ents” ) .
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C h a r a o t e r i s t i c  f a d i n g  c u r v e s .
I n  t h e  p r e s e n t  work t h e  r e s u l t s  a r e  d e m o n s t r a te d  a s  
c h a r a c t e r i s t i c  f a d i n g  (OF) c u r v e s  i n  w h ich  t h e  o r d i n a t e  i s  
t h e  l o g a r i t h m  o f  t h e  t im e  t ^  i n  w h ich  a  g iv e n  s m a l l  p e r c e n t ­
ag e  (10^  u s u a l l y )  o f  t h e  i n i t i a l  q u a n t i t y  o f  dye i s  l o s t  by 
f a d i n g ,  and t h e  a b s c i s s a  i s  t h e  l o g a r i t h m  o f  t h e  i n i t i a l  
c o n c e n t r a t i o n  o f  dye i n  t h e  s u b s t r a t e .
F o r  a  dye b e h a v in g  a s  an  i d e a l  p h o to c h e m ic a l  s y s te m ,
i . e .  a s  a  m o n o lay e r  s p re a d  o v e r  t h e  i n t e r n a l  s u r f a c e  o f  t h e  
s u b s t r a t e  o r  a s  a  m o le c u la r  d i s p e r s i o n ,  t h e  OF c u rv e  ? / i l l  
h av e  a  s l o p e  o f  z e r o .  W ith a  v ie w  t o  d e m o n s t r a t i n g  
f u r t h e r  how t h e  f e a t u r e s  o f  t h e  OF c u rv e  may g iv e  in fo rm a ­
t i o n  upon  t h e  p h y s i c a l  s t a t e  o f  t h e  dye i n  t h e  s u b s t r a t e ,  
c e r t a i n  w a t e r - i n s o l u b l e  d y es  w ere f a d e d  i n  m a rk e d ly  d i f f e r ­
e n t  s t a t e s  o f  d i s p e r s i o n ,  o r  a g g r e g a t i o n ,  i n  t r a n s p a r e n t  
f i l m s .
(a )  The f a d i n g  o f  d i s p e r s i o n s  o f  m e ro c y a n in e  and azo d y e s .
A m ero c y a n in e  dye ( l a )  and m  azo  dye (X X Il) ,  e a c h  i n  
a  s e r i e s  o f  m ark ed ly  d i f f e r e n t  s t a t e s  o f  d i s p e r s i o n ,  w ere  
f a d e d  i n  t r a n s p a r e n t  f i l m s  p r e p a r e d  a s  d e s c r i b e d  p r e v i o u s l y  
(page  5 7 ) .
I n  a l l  t h e  f i l m s  o f  s e r i e s  ( a )  and (b) (page  57) 
p a r t i c l e s  w ere e a s i l y  v i s i b l e  u n d e r  t h e  m ic ro s c o p e (F ig * 1 1 A .B ) ,
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b u t  none  c o u ld  b e  s e e n  i n  t h e  c o l l o d i o n  f i l m s  o f  s e r i e s  ( c ) .
The CP curvGS f o r  th o  m eroc y a n in e  d i s p e r s i o n s  i n  
g e l a t i n  h av e  v i r t u a l l y  a  z e ro  s lo p e  ( F i g . 1 0 ) ,  w h i l s t  t h o s e  
i n  m e th y l  e t h y l  c e l l u l o s e  have a  a l i g h t  p o s i t i v e  s l o p e ,  a s  
a l s o  h a s  t h e  azo  dye d i s p e r s i o n  i n  m e th y l  e t h y l  c e l l u l o s e .  
T h ere  i s  p r o b a b ly  some d i f f e r e n t i a l  m i g r a t i o n  o f  p a r t i c l e s  
d u r i n g  t h e  d r y i n g  o f  t h e s e  l a t t e r  f i l m s .  The c u r v e s  f o r  
t h e  azo d y e - c o l l o d i o n  f i l m s  have  a  m ore p rono unced  s lo p e  
t h a n  any o f  t h e  above system s*  F a r t h e r ,  t h e  r a t e  o f  f a d i n g  
i n c r e a s e s ,  i . e .  t h e  y - a x i s  i n t e r c e p t  o f  t h e  CF c u rv e  f a l l s ,  
w i t h  i n c r e a s e  o f  s u r f a c e / w e i g h t  r a t i o  o f  dye ( a s  ju d g ed  
v i s u a l l y  u n d e r  t h e  m ic r o s c o p e ) .
I n  sy s te m s  o f  t h i s  n a t u r e ,  w i th  a  w ide r a n g e  o f  
p a r t i o l e - s i z e s  i n  t h e  s u b s t r a t e ,  t h e  f a s t n e s s  m easu red  by 
t h e  p r e s e n t  m ethod i s  o b v io u s ly  l a r g e l y  d e te rm in e d  by t h e  
r a t e  o f  f a d i n g  o f  t h e  s m a l l e r  p a r t i c l e s ,  w h ich  a r e  p ro b a b ly  
i n v i s i b l e  i n  t h e  i l l u s t r a t i o n  ( e . g .  F i g . 11A ). The l a r g e s t  
w ould  f a d e  a t  a  much s lo w e r  r a t e  t h a n  t h a t  o b s e rv e d .  I t  i s  
n o t i c e d ,  f o r  ex am p le , t h a t  f a d i n g  i s  much more r a p i d  i n  th e  
e a r l i e r  s t a g e s  o f  t h e  i r r a d i a t i o n  t h a n  l a t e r .
(b )  The f a d i n g  o f  soap ed  and u n so ap e d  a z o ic  d y e s *
R e g e n e ra te d  c e l l u l c s e  f i l m s  (C e l lo p h a n e )  dyed w i th  
t y p i c a l  a z o i c  c o m b in a t io n s  were f a d e d  i n  t h e  u n so ap e d  s t a t e
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and a f t e r  s o a p - b o i l i n g .  The s o a p - b o i l i n g  was s u f f i c i e n t  
to  c a u se  t h e  g ro w th  o f  p a r t i c l e s  i n  t h e  f i l m  w h ich  w ere  
v i s i b l e  u n d e r  t h e  m ic ro s c o p e ,  no p a r t i c l e s  b e in g  v i s i b l e  
b e f o r e  t h i s  t r e a t m e n t  ( F i g . 12 A ,B ). The e x p e c te d  i n c r e a s e  
i n  l i g h t  f a s t n e s s  w i th  t h e  s o a p - b o i l i n g  i s  o b t a in e d  i n  e a c h  
c a s e  (F ig .  15 1 4 ) ,  t h e  f a s t n e s s  f o r  any g iv e n  d e p th  o f
d y e in g  b e in g  i n  f a c t  a p p r o x im a te ly  d o u b led  by t h i s  p r o c e s s .  
Even on a l lo w in g  a  f i l m  to  so ak  i n  c o ld  w a te r  o v e r n i g h t ,  a  
s l i g h t  change i n  t h e  CF cu rv e  i s  o b se rv e d  ( F ig .  1 4 ) .  The 
c h a n g es  i n  t h e  s lo p e s  o f  t h e  c u rv e s  a r e  o n ly  s l i g h t  i n  a l l  
c a s e s .
T h e o r e t i c a l  m odel o f  th e  l i g h t  f a d i n g  o f  a  dye d e p o s i t e d  
on  a  s o l i d  s u b s t r a t e .
As m en tio n ed  p r e v io u s l y  (page  6 8 ) ,  t h e  f a d i n g  r a t e  i s  
p r o b a b ly  d e te rm in e d  by t h e  e x t e n t  o f  t h e  a i r - d y e  i n t e r f a c e ,  
i . e .  t h e  s u r f a c e / w e i g h t  r a t i o  o f  t h e  dye . On t h e  b a s i s  o f  
o b s e r v a t i o n s  made i n  t h i s  end p r e v io u s  w ork , a  t h e o r e t i c a l  
m odel sy s tem  w i l l  be  d e v e lo p e d ,  r e p r e s e n t i n g  a l l  d y e - f i b r e  
s y s te m s ,  w h e th e r  t h e  dye i s  s o l u b l e  i n  w a te r  o r  n o t .
The dye i s  c o n s id e r e d  to  b e  p r e s e n t  i n  t h e  s u b s t r a t e  a s  
a  s e r i e s  o f  d i s c r e t e  p a r t i c l e s  ( s e e  F i g . 15) f r e e l y  exposed  
to  a i r  and w a te r  v a p o u r  and e v e n ly  i r r a d i a t e d  by e i t h e r  
d i r e c t i o n a l  o r  d i f f u s e  i l l u m i n a t i o n .
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The m anner i n  w h ich  t h e  f a d i n g  r a t e  o f  t h e  dye i n  t h e  
m odel sy s te m  ch an g es  r a t h  i n c r e a s e  i n  c o n c e n t r a t i o n  w i l l  
now be  d i s c u s s e d  w i th  r e s p e q t  t o  t h r e e  t y p e s  o f  i d e a l i s e d  
system s#
(a )  U n ifo rm  P a r t i c l e - S i a e  D i s t r i b u t i o n  S y s te m .
T h is  sy s tem  ( F ig .  15 A) may c o n s i s t  o f  any  num ber o f  
s i z e s  o r  s h a p e s  p ro v id e d  t h a t  a t  each  c o n c e n t r a t i o n  o f  dye 
t h e  p r o p o r t i o n  o f  p a r t i c l e s  o f  e a c h  g iv e n  s i z e  o r  sh ap e  
r e m a in s  t h e  same# Thus t h e  t o t a l  num ber o f  p a r t i c l e s  and 
t h e  s u r f a c e  a r e a  i n c r e a s e  i n  d i r e c t  p r o p o r t i o n  to  t h e  t o t a l  
w e ig h t ,  i* e #  t h e  s u r f a c e  a r e a / w e i g h t  r a t i o  i s  c o n s t a n t ,  and 
h en c e  t h e  t im e  t a k e n  f o r  a  g iv e n  p r o p o r t i o n  o f  dye t o  f a d e  
i s  a l s o  c o n s ta n t#  The r e a c t i o n  th u s  h a s  an  " a p p a r e n t "  
f i r s t  o r d e r  and th e  CF c u rv e  i s  a  h o r i z o n t a l  l i n e  ( M g .  16 a )
As o b s e rv e d  p r e v i o u s l y ,  t h e  m erocy a n in e  and azo  dye 
d i s p e r s i o n s  g iv e  CF c u rv e s  w i th  s l o p e s  n e a r l y  o r  q u i t e  z e r o ,  
c o n f i r m in g  t h e  p r e d i c t i o n s  o f  t h e  above s y s te m .
(b )  C o n s ta n t  P a r t i c l e - C o n c e n t ra t l o n  S y s tem .
The dye p a r t i c l e  may expand s y m m e t r ic a l ly  a s  m ore dyo 
i s  ad d e d , th u s  r e t a i n i n g  t h e  same shape  ( F ig .  15 B ) .  The 
t o t a l  number o f  p a r t i c l e s  th u s  r e m a in s  c o n s t a n t  a s  t h e  dye 
c o n c e n t r a t i o n  i n c r e a s e s ,  b u t  t h e  t o t a l  s u r f a c e  a r e a  grow s
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a s  t h e  2 /5  power o f  t h e  t o t a l  w e ig h t  o f  t h e  p a r t i c l e s .
I f  i t  i s  assumed t h a t  t h e  t o t a l  l o s s  o f  dye i n  a  g iv e n  
p e r io d  i s  p r o p o r t i o n a l  to  th e  t o t a l  s u r f a c e  a r e a  o f  t h e  
cube and t h a t  t h e  p h o to c h e m ic a l  r e a c t i o n  a t  t h e  s u r f a c e  i s  
o f  t h e  f i r s t  o r d e r ,  t h e  t h e o r e t i c a l  e lo p e  o f  t h e  CF c u rv e  
can  be  c a l c u l a t e d .
The am ounts l o s t  from  ea ch  o f  a  s e r i e s  o f  c u b e s ,  e . g .  
o f  i n i t i a l  w e ig h ts  2, 4 ,  5 and 8 u n i t s ,  when 10^ h a s  b ee n  
l o s t  from  a  cube o f  u n i t  w e ig h t ,  a r e  th u s  r e s p e c t i v e l y  
7 * 9 5 , 6*3, 5 .8 5  and 3 *0fo o f  t h e  t o t a l ,  and t h e  c o r r e s p o n d in g  
t im e s  f o r  10^ l o s s  ( t ^ )  can  th e n  be  d e te rm in e d  from  t h e  
f i r s t - o r d e r  r e l a t i o n .  T h is  e n a b le s  t h e  OF c u rv e  to  be  
p l o t t e d
(c )  U nsyxnm etrical P a r t i c l e - G r o w t h  S y s tem .
I n  t i l l s  sy s tem  ( P ig .  15 0) e a c h  p a r t i c l e  i s  c o n s id e r e d  
t o  grow w i t h  i n c r e a s e  i n  t o t a l  dye c o n c e n t r a t i o n ,  b u t  o n ly  
i n  one d i r e c t i o n .  I n  t h e  e x tre m e  c a s e ,  w here t h e  i l l u m i n a ­
t i o n  and t h e  oxygen and w a te r  v a p o u r  r e a c h  o n ly  t h e  s i d e  o f  
t h e  p a r t i c l e  w h ich  d o es  n o t  i n c r e a s e  i n  s i z e ,  t h e  t o t a l  
s u r f a c e  a r e a  o f  dye b e in g  i r r a d i a t e d  re m a in s  t h e  same a t  a l l  
dye c o n c e n t r a t i o n s ,  and hence  t h t  t o t a l  amount o f  dye f a d e d  
i s  c o n s t a n t ,  and t h e  f a d i n g  r e a c t i o n  i s  t h e n  z e ro  o r d e r .
To c a l c u l a t e  t h e  t h e o r e t i c a l  s lo p e  d f  th e  CF c u r v e ,  a
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g r a p h i c a l  m ethod i s  u s e d  to  d e te rm in e  t p  f o r  a  10^ f a d e ;  
a s su m in g ,  s a y ,  0 .1  u n i t  l 0 6 s  i n  1 h o u r  from  u n i t  w e ig h t ,  
t h e  f i r s t - o r d e r  r e l a t i o n  i s  u s e d  t o  d e te rm in e  t h e  t im e s  
r e q u i r e d  f o r  0 . 2 ,  0 . 3 ,  e t c .  u n i t ,  t h e s e  t h e n  b e i n g  th e  
c o r r e s p o n d in g  t p  v a l u e s  f o r  i n i t i a l  w e ig h ts  o f  2 , 3> e t c .  
u n i t s .
I f  a  sy s tem  i s  fo u n d  t o  have  a  l i n e a r  C? c u rv e  w i th  
p o s i t i v e  s l o p e ,  i t  f o l l o w s  t h a t  a g g r e g a te d  p a r t i c l e s  a r e  
p r o b a b ly  p r e s e n t .  F u r t h e r ,  i f  i t  i s  suppo sed  t h a t  some 
t r e a t m e n t  i s  a p p l i e d  t o  a  d y e - f i b r e  sy s te m  T;hlch c a u s e s  no  
c h e m ic a l  ch a n g e , b u t  w h ich  p ro m o te s  p h y s i c a l  a g g r e g a t i o n  o f  
dye p a r t i c l e s ,  t h e  s u r f a c e / w e i g h t  r a t i o  o f  t h e  dye w i l l  be  
r e d u c e d  and t h e  l i g h t  f a s t n e s s  r a i s e d  a t  a l l  c o n c e n t r a t i o n s .  
The CF cu rv e  o f  t h e  sy s te m  p^ q^ (F ig .  16) i s  t h e r e f o r e  
r a i s e d ,  b u t  i t s  s lo p e  may d e c r e a s e ,  i n c r e a s e  o r  re m a in  
c o n s t a n t ,  g iv i n g ,  s a y ,  c u rv e s  ^ 2 ^ 2  ^ ^^2^4* ^2^3 ^ r e s p e c t iv e ly .
I f  t h e  dye p a r t i c l e s  i n  t h e  u p p e r  c o n c e n t r a t i o n  r a n g e s  
a r e  a l r e a d y  a p p r o a c h in g  a  s i z e  l i m i t  d e te rm in e d  by t h e i r  own 
c r y s t a l  h a b i t  o r  by r e s t r a i n t s  im posed  by t h e  s t r u c t u r e  o f  
t h e  s u b s t r a t e ,  t h e  h i g h e r  t h e  c o n c e n t r a t i o n  t h e  f e w e r  t h e  
num ber o f  p a r t i c l e s  t h e r e  a r e  w h ich  grow. T h is  r e s u l t s  i n  
a  d e c r e a s e  i n  s lo p e  o f  th o  OP c u r v e .
% e r e  t h e  dye becomes a g g r e g a te d  more r e a d i l y  a t  t h e  
h i g h e r  c o n c e n t r a t i o n s ,  i t s  p a r t i c l o s  b e in g  c l o s e r  t o g e t h e r ,
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an  I n c r e a s e  i n  s lo p e  o f  OF c u rv e  r e s u l t s .  The s lo p e  o f  t h o  
CF c u rv e  re m a in s  c o n s t a n t  w here t h e  dye shows a  u n i f o r m  
te n d e n c y  to  a g g r e g a te  a t  a l l  c o n c e n t r a t i o n s .  Any t r e a t m e n t  
c a u s in g  p u r e l y  p h y s i c a l  d i s a g g r e g a t i o n  w i l l  h ave  t h e  r e v e r s e
e f f e c t s  on t h e  CP c u rv e s .
The c a s e  o f  a  CP c u rv e  w i th  a  n e g a t i v e  s lo p e  h a s  n o t  
b e e n  e n c o u n te re d  i n  any sy s te m  exam ined . A n e g a t i v e  e lo p e  
w ould o f  c o u r s e  mean t h a t  t h e  dye a g g r e g a t e s  more a t  low  
t h a n  a t  h ig h  c o n c e n t r a t i o n s .
I t  i s  p o s s i b l e  t o  e n v is a g e  c o n d i t i o n s  w h ich  would l e a d  
t o  a  CF c u rv e  o f  s lo p e  g r e a t e r  t h a n  th e  h i g h e s t  c a l c u l a t e d  
on  t h e  above t h e o r y .  Such a  s lo p e  would im p ly  t h a t  t h e  
a i r - d y e  i n t e r f a c e  a c t u a l l y  d e c r e a s e d  w i th  i n c r e a s e  i n  dye 
c o n c e n t r a t i o n .  T h is  c o u ld  p e rh a p s  o c c u r  i f  v e r y  l a r g e  dye 
a g g r e g a t e s  fo rm ed , f o r c i n g  a p a r t  t h e  s u b s t r a t e  m o le c u le s  
w h ich  l i e  a ro u n d  them , so f a r  t h a t  i n  o t h e r  r e g i o n s  c o n t a i n ­
i n g  no dye t h e s e  m o le c u le s  a r e  draw n t o g e t h e r .  Thus t h e  
s u b s t r a t e  p o r e s ,  even  t h o s e  n o t  c o n t a i n i n g  d y e , would be  
re d u c e d  i n  s i z e  and a c c e s s  o f  a i r ,  e t c  t h u s  r e t a r d e d .
I n d i r e c t  t e s t s  o f  t h e  t h e o r e t i c a l  m odel s y s t e m s .
T h is  s e c t i o n  c o m p r is e s  i n d i r e c t  t e s t s  on w a t e r - i n s o l u b l e  
d y e s ,  b u t  i t  i s  e x te n d e d  to  d e te r m in e  w h e th e r  t h e  t h e o r e t i c a l  
m odel can  be a p p l i e d  to  w a t e r - s o l u b l e  d y e s .
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W a te r - I n s o lu b l e  D yes.
A n th ra q u ln o n o id  v a t  d y es  on  n y l o n .
N ylon  f i l m  dyed wdLth two v a t  d y es  b e f o r e  and a f t e r  
t r e a t m e n t  w i th  a  s w e l l i n g  a g e n t  (c in n a m ic  a c i d ) ,  gave  CF 
c u rv e s  w hich  w ere h i g h e r  i n  t h e  t r e a t e d  f i l m ,  d u e , p e r h a p s ,  
to  t h e  more r e a d y  g row th  o f  l a r g e  dye p a r t i c l e s  when t h e  
f i b r e  i s  s w o l le n  ( F ig .  1 7 ) .
I n d i g o l d  v a t  d y es  on c e l l u l o s e .
I n  v iew  o f  t h e  o b s e r v a t i o n s  o f  Sum ner, V i c k e r s t a f f  end 
W ate rs  (page  6 8  ) i  two i n d i  g o ld  v a t  d y es  w ere  a p p l i e d  t o  
C e l lo p h a n e  f i l m ,  and t h e  d y e in g s  w ere exam ined  b o th  u n t r e a t e d  
and a f t e r  s o a p in g .  I n d i g o i d  d y es  o f  r e l a t i v e l y  low  f a s t n e s s  
w ere  ch o sen  b e c a u s e  o f  t h e  e x c e e d in g ly  l e n g t h y  e x p o s u re s  
w h ich  would have b e e n  r e q u i r e d  w i th  v a t  d y es  o f  n o rm a l h ig h  
f a s t n e s s  on c e l l u l o s e .  The CF c u rv e s  a p p e a r  t o  d e m o n s t r a te  
an  i n c r e a s e  i n  s u r f a c e / w e i g h t  r a t i o  a f t e r  s o a p in g  ( F i g . 18 
and 1 9 ) .  T h is  i s  i n  good a g reem en t w i t h  t h e  r e s u l t s  o f  
Sumner e t  a l . a s  d i s c u s s e d  on page  6 8  ab o v e .
L akes  o f  b a s i c  dyes  v / i th  complex a c i d s .
No c o n c lu s iv e  e x p l a n a t i o n  h a s  b ee n  g iv e n  f o r  t h e  
c o n s i d e r a b l e  im provem ent i n  l i g h t  f a s t n e s s  e x h i b i t e d  by 
b a s i c  d y es  when i r r a d i a t e d  i n  t h e  fo rm  o f  l a k e s  w i th  c e r t a i n
8 0 .
com plex i n o r g a n i c  a c i d s ,  e* g . m o ly b d o p h o sp h o r ic  a c i d ,  
a l t h o u g h  t h i s  im provem ent h a s  lo n g  b ee n  known. The OF 
c u r v e s  f o r  V i c t o r i a  B lue  BO ( F i g . 20) a r e  c o n s i s t e n t  w i t h  t h e  
l a k e  b e in g  more a g g r e g a te d  ( a t  l e a s t  a t  h i g h e r  c o n c e n t r a ­
t i o n s )  t h a n  t h e  u n t r e a t e d  d y e .  The a l t e r n a t i v e  s u g g e s t i o n  
t h a t  t h e  Im proved f a s t n e s s  i s  due t o  a  c h e m ic a l  change i n  
t h e  dye m o le c u le s  i s  d i f f i c u l t  t o  j u s t i f y ,  b e c a u s e  o n ly  th o  
n a t u r e  o f  t h e  g e g e n io n  o f  t h e  dye c a t i o n  i s  ch an g ed , and  n o t  
t h e  ch ro m o p h o ric  sy s te m .
W a te r -S o lu b le  B y es .
P r e v io u s ly  r e p o r t e d  work ( s e e  pag e  69 ) seems to  
i n d i c a t e  t h a t  t h e r e  i s  a  d i s t i n c t  p o s s i b i l i t y  t h a t  w a t e r -  
s o l u b l e  d y es  a r e  p r e s e n t  a s  a g g r e g a te d  p a r t i c l e s  i n  a i r - d r y  
s u b s t r a t e s .  The p r e s e n c e  o f  a g g r e g a t e s  i s  i n v e s t i g a t e d  i n  
t h e  p r e s e n t  work by e x a m in a t io n  o f  t h e  s l o p e s  o f  t h e  CF 
c u r v e s  o f  w a t e r - s o l u b l e  d y es  and c o m p a r iso n  o f  t h e i r  l i g h t  
f a s t n e s s  on s u b s t r a t e s  o f  d i f f e r e n t  p o r o s i t y  b u t  o f  t h e  same 
c h e m ic a l  n a t u r e .  I n  t h i s  c o n n e c t io n ,  t h r e e  su ch  s u b s t r a t e s  
hav e  been  u s e d ,  v i z . , f i l m s  and f i b r e s  o f  r e g e n e r a t e d  c e l l u ­
l o s e ,  and a n o d is e d  a lum in ium . I t  i s  t o  b e  e x p e c te d  t h a t ,  
i f  t h e  dyes a g g r e g a t e ,  an  i n c r e a s e  i n  p o re  s i z e  may p ro m o te  
t h e  f o r m a t io n  o f  l a r g e r  p a r t i c l e s  w i th  a  c o n s e q u e n t  i n c r e a s e  I n  
l i g h t  f a s t n e s s .  I f  t h e  dye i s  p r e s e n t  i n  t h e  s u b s t r a t e  a s
S I .
a  m o n o la y e r  how ev er, a n  i n c r e a s e d  p o r o s i t y  o f  s u b s t r a t e  
would c a u se  no i n c r e a s e  i n  l i g h t  f a s t n e s s  f o r  a  g iv e n  
c o n c e n t r a t i o n  o f  d y e .
D i r e c t  c o t t o n  d y es  on  r e g e n e r a t e d  c e l l u l o s e  f i l m s  
o f  d i f f e r e n t  p o r o s i t y .
The tv/o t y p e s  o f  " C e l lo p h a n e "  r e g e n e r a t e d  c e l l u l o s e  
f i l m s  u se d  w ere n o rm al d r i e d  f i l m  and g e l  f i l m  o f  h i g h e r  
p o r o s i t y ,  w hich  had  n o t  b ee n  d r i e d  a f t e r  c o a g u l a t i o n .  The 
r e s p e c t i v e  p o re  s i z e s  w ere  s t a t e d  t o  be  o f  t h e  o r d e r  o f  20 A 
and  30  A ( B r i t i s h  C e l lo p h a n e  L t d . ) .  The l i g h t  f a s t n e s s  o f  
b o t h  C h lo ra z o l  Sky B lu e  ?F  ( l . C . l . )  ( C . I .  518) and C h lo ra z o l  
Rose B ( I . C . I . )  i s  c o n s i d e r a b l y  h i g h e r  a t  a l l  c o n c e n t r a t i o n s  
o n  t h e  g e l  f i l m  t h a n  on t h e  n o rm a l d ry  m a t e r i a l  ( F ig .  21 and 
2 2 ) .  F u r t h e r ,  a l l  t h e  c u r v e s  have  a  p o s i t i v e  s lo p e*
I t  may be im p l ie d  from  t h e s e  o b s e r v a t i o n s  t h a t  t h e  dye 
i s  p r e s e n t  a t  l e a s t  p a r t l y  i n  t h e  fo rm  o f  a g g r e g a t e s ,  and 
a l s o  t h a t  t h e  maximum s i z e  o f  t h e s e  a g g r e g a t e s  i s  d e te rm in e d  
by  t h e  p o r o s i t y  o f  t h e  s u b s t r a t e .  The f a c t  t h a t  t h e  g e l  
f i l m  c o n t r a c t s  when d r i e d  a f t e r  d y e in g  d o es  n o t  a p p e a r  to  
p r e v e n t  t h e  dye a g g r e g a t e s  i n  i t  from  g ro w in g  l a r g e r  t h a n  
th e y  do i n  t h e  n o rm a l f i l m ,  bo t h a t  a g g r e g a t e  f o r m a t io n  m ust 
p re c e d e  t h i s  c o n t r a c t i o n .  I t  may be t h a t  a g g r e g a t i o n  o c c u r s  
d u r in g  th e  a d s o r p t i o n  p r o c e s s  i t s e l f  ( d i r e c t  c o t t o n  d y es  have
^2.
a  p ro n o u n ced  c o l l o i d a l  n a t u r e ) ^ ,  and i f  so t h e  l a r g e r  p o re  
s i z e  g e l  f i l m  would h e  e x p e c te d  to  c o n t a i n  more dye m o le c u le s  
p e r  p o re  t h a n  t h e  n o rm a l d ry  f i l m ,  so t h a t ,  when d r i e d  o u t ,  
t h e  p o re  s i z e s  th e n  b e in g  t h e  same on b o th  m a t e r i a l s ,  more 
dye m o le c u le s  p e r  p o re  w i l l  be c o n ta in e d  i n  t h e  " g e l"  
m a t e r i a l .
I t  was o b s e rv e d  t h a t  th e  " g e l "  f i l m  s lo w ly  r e v e r t s  t o  
t h e  n o rm al s t a t e  on k e e p in g ,  p re su m ab ly  by a  p r o c e s s  o f  s low  
c r y s t a l l i s a t i o n  o f  t h e  c e l l u l o s e .  D yeings  on m a t e r i a l  
w h ich  had b e e n  s t o r e d  f o r  s e v e r a l  w eeks, i n  t h e  w et s t a t e ,  
had no s i g n i f i c a n t l y  h i g h e r  l i g h t  f a s t n e s s  t h a n  t h o s e  on 
n o rm a l f i l m .  (F ig .  23 and 2 4 ) .
D i r e c t  c o t t o n  d y e s  on v i s c o s e  ra y o n  o f  d i f f e r e n t  
d e g r e e s  o f  c r y s t a l l i n l t y .
The two s e r i e s  o f  v i s c o s e  ra y o n  s t a p l e - f i b r e  f a b r i c s  
u s e d  i n  t h i s  work w ere  s i m i l a r  i n  c o n s t r u c t i o n ,  b u t  w ere 
p r e p a r e d  fro m  f i l a m e n t s  o f  d i f f e r e n t  d e g r e e s  o f  c r y s t a l l i n i l y .
As m e n tio n e d  p r e v i o u s l y  (page  4 7 ) ,  a  l i n e a r  r e l a t i o n s h i p  
was o b s e rv e d  b e tw een  t h e  l o g a r i t h m  o f  t h e  dye c o n te n t  o f  t h e  
f a b r i c  and t h e  l o g a r i t h m  o f  t h e  r e f l e c t a n c e  ( P i g . 2 5 -2 8 ) .
As a  r e s u l t ,  any g iv e n  p e r c e n ta g e  g a in  o f  r e f l e c t a n c e  w i l l
3E3E Modem th e o r y  s u g g e s t s  t h a t  t h e  d y e s  f r r m  m o n o la y e rs  
o n ly  (M orton ; b u t  a l l  t h e  r e p o r t e d  e x p e r im e n ta l  f a c t s  
c o u ld  j u s t  a s  r e a d i l y  be e x p la in e d  by  t h e  f o r m a t io n  o f  
m u l t i l a y e r s  ( G i l e s ,  p r i v a t e  c o m m u n ic a t io n ) .
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r e p r e s e n t  a  c o n s t a n t  l o s s  o f  dye a t  any  c o n c e n t r a t i o n ,  and 
i n  t h e  p r e s e n t  work r e f l e c t a n c e  g a i n s  c o r r e s p o n d in g  i n  e a c h  
c a s e  t o  10^ l o s s  o f  dye  c o n t e n t  h av e  t e e n  u s e d  i n  d e t e r m in in g  
t p  v a lu e s *  F a r t h e r ,  i t  was fo u n d  ( s e e  F i g . 28) t h a t  t h e  
r e l a t i o n s h i p  b e tw een  c o n c e n t r a t i o n  and r e f l e c t a n c e  a l t e r e d  
o n ly  v e r y  l i t t l e  when two f a b r i c s  w ere  i r r a d i a t e d  u n t i l  
c o n s id e r a b ly  f a d e d ,  so  t h a t  t h e  u s e  o f  r e f l e c t a n c e  v a l u e s  i n  
t h i s  w ay * is  c o n s id e r e d  t o  b e  f u l l y  j u s t i f i e d .
As a n t i c i p a t e d ,  t h e  r e s u l t s  d e m o n s t r a te  h i g h e r  f a s t n e s s  
f o r  e a c h  dye on o r d i n a r y  v i s c o s e  ra y o n  t h a n  on t h e  more 
c r y s t a l l i n e  D u r a f i l  ( F i g . 2 9 -5 2 ) .  A T e n a s c o - ty p e  f i b r e  gave 
an  i n t e r m e d i a t e  f a s t n e s s  i n  one c a s e  a s  e x p e c te d  ( F i g . 3 1 ) ,  
b u t  i n  a n o t h e r  (F ig * 30) i t  re se m b le d  o r d i n a r y  v i s c o s e  ra y o n .
I n  t h e s e  t e s t s  t h e  d y e in g s  o f  lo w e r  f a s t n e s s  w ere  
o b t a i n e d  on t h e  D u r a f i l  f i b r e s  w i th  a  much f i n e r  f i l a m e n t  
t h a n  th o s e  o f  t h e  n o rm a l v i s c o s e  r a y o n .  The f a s t n e s s  
d i f f e r e n c e s  p e r s i s t ,  h ow ev er, ev en  when a l l  t h e  f i b r e s  
v a r i e t i e s  h ave  a lm o s t  t h e  same f i l a m e n t  s i z e  ( F i g . 3 1 ) ,  so 
t h a t  t h e y  c a n n o t  be  a t t r i b u t e d  t o  any  e f f e c t  o f  d i f f e r e n c e s  
i n  e x t e r n a l  s u r f a c e  a r e a s  o f  t h e  f i b r e s .
A cid  wool d y e s  on th e  a n o d ic  f i l m  on a lu m in iu m .
The a n o d ic  f i l m s  c o n s i s t  e s s e n t i a l l y  o f  ^ - a lu m in a  
(A lgO ^), t h a t  p r e p a re d  i n  ch rom ic  a c id  b e in g  s u b s t a n t i a l l y  
p u r e ,  w h e rea s  t h e  s u l p h u r i c  a c id  f i l m  c o n t a i n s  up  to  13^
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a lu m in iu m  s u l p h a t e ,  w h ic h ,  i t  i s  a ssu m ed , w i l l  n o t  a f f e c t  
t h e  p r e s e n t  r e s u l t s .  The s u l p h u r i c  a c id  f i l m ,  how ever, 
i s  much m ore p o ro u s ,  a s  i s  d e m o n s tra te d  by t h e  d y e in g  
t im e s  r e c o rd e d  f o r  two m ordan t d y es  w h ich  w ere  o b t a in e d  
u n d e r  i d e n t i c a l  c o n d i t i o n s  o f  a g i t a t i o n ,  e t c .
R a te s  o f  D yeing o f  Ano&lo F i lm s  on  Alumlnlxua.
Temp. (°C . ) F i lm  and D yeing  Times
HgSO^ f i l m HgCrO. f i l m
* 0 .5 * 0 .5
A l i z a r i n  Red IF ( I . C . I . ) ( C . I .  1027)
40 1 0 .0 3 4 .0
60 5 .2 1 1 .0
75 2 .4
80 9 .0
Solway B lu e  BHS ( I . C . I . ) ( C . I .  1054)
20 1 6 .0
40 4 .5 1 2 .0
60 2 .5 8 .0
c “  Time ( h r . )  o f  h a l f - d y e i n g .
The CF c u rv e s  ( M g . 33) show r a t h e r  a  w ide s c a t t e r  o f  
p o i n t s ,  due to  e x p e r im e n ta l  d i f f i c u l t i e s ,  b u t  t h e r e  i s  no 
d o u b t  t h a t  b o th  a c id  d y es  u s e d  show h i g h e r  f a s t n e s s  on th e  
m ore p o ro u s  f i l m .
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T h is  work i s  c o n f irm e d  by d a t a  i n  a  l i s t  o f  s e v e n te e n  
com m erc ia l d y es  i n  " f u l l "  sh a d e s  ( I . C . I . ) ,  e a c h  dye h a v in g  
a  h i g h e r  f a s t n e s s  g r a d in g  on s u l p h u r i c  a c i d  f i l m  t h a n  on 
ch ro m ic  a c i d  f i l m ,  t h e  mean f a s t n e s s  g r a d e s  b e i n g  a b o u t  7 
and 5 r e s p e c t i v e l y .
E x a m in a t io n  o f  p o s s i b l e  d i s a g g r e g a t i n g  t r e a t m e n t s .
The a p p l i c a t i o n  o f  a  c a t i o n i c  f i x i n g  a g e n t  and o f  a  
c r e a s e - r e s i s t i n g  t r e a t m e n t  r e s p e c t i v e l y ,  a r e  known to  re d u c e  
t h e  l i g h t  f a s t n e s s  o f  many d i r e c t  d y e s  on c e l l u l o s e .  The 
two p r o c e s s e s  w ere exam ined h e r e  t o  c o n s i d e r  t h e  p o s s i b i l i t y  
o f  some p h y s i c a l  e f f e c t s  b e in g  i n v o l v e d .  The c r e a s e -  
r e s i s t i n g  t r e a tm e n t  may r e d u c e  t h e  f a s t n e s s  th r o u g h  some 
c h e m ic a l  r e a c t i o n  b e tw e e n  t h e  d y e ,  f i b r e  an d , e . g .  
fo rm a ld e h y d e ,  b u t  i n  t h e  c a s e  o f  t h e  f i x i n g  a g e n t ,  t h e  
p o s s i b i l i t y  t h a t  c h e m ic a l  r e a c t i o n  i s  r e s p o n s i b l e  f o r  t h e  
r e d u c t i o n  o f  f a s t n e s s  seems re m o te .  The f i r s t - n a m e d  t r e a t ­
m ent may c a u s e  a  b lo c k a g e  o f  t h e  f i b r e  p o r e s  w i t h  r e s i n ,  
w i th  a  r e s u l t a n t  r e d u c t i o n  i n  t h e  s i z e  o f  any a g g r e g a t e s  
p r e s e n t .  The f i x i n g  a g e n t  nay  i n t e r f e r e  w i th  t h e  c r y s t a l  l ia .»  
a t i o n  o f  t h e  d y e ,  t h e  l a r g e r  c a t i o n  d i s t u r b i n g  t h e  c r y s t a l  
l a t t i c e  s t r u c t u r e .  F u r t h e r ,  some c a t i o n i c  a g e n t s  a r e  
s u r f a c e - a c t i v e  and t h u s  may a c t  a s  d i s p e r s i n g  a g e n t s .
The change  i n  t h e  OF c u rv e  o f  D u ra zo l  Red 2B ( I . C . I . )  
on  v i s c o s e  r a y o n  a f t e r  c r e a s e - r e s i s t i n g  t r e a t m e n t  ( F i g . 34)
o u .
i s  c o n s i s t e n t  w i th  a  r e d u c t i o n  i n  a g g r e g a t e  s i z e  a s  
s u g g e s te d  ab o v e .  Two t y p i c a l  d i r e c t  c o t t o n  d y es  showed 
r e d u c t i o n  i n  l i g h t  f a s t n e s s  a f t e r  t r e a t m e n t  w i th  c a t i o n i c  
a g e n t s  ( F i g . 35 and 36) and  t h e  change I n  t h e i r  CF c u r v e s  
end i n  t h e  c o r r e s p o n d in g  l i g h t  a b s o r p t i o n  c u r v e s  ( F i g . 37 
and 38) a r e  q u i t e  c o n s i s t e n t  v d th  t h e  r e d u c t i o n  b e i n g  due 
t o  d i s a g g r e g a t i o n  e f f e c t s .
A l t e r n a t i v e  e x p l a n a t i o n  o f  s lo p e s  o f  CF c u r v e s .
I n  t h e  p r e s e n t  work t h e  p o s i t i v e  s lo p e  o f  t h e  CF 
c u r v e s  h as  b e e n  i n t e r p r e t e d  a s  b e in g  an  i n d i c a t i o n  o f  t h e  
p r e s e n c e  o f  d i s c r e t e  p a r t i c l e s  o r  a g g r e g a t e s  o f  dye i n  t h e  
s u b s t r a t e ,  t h e  p r o p o r t i o n  o f  l a r g e r  p a r t i c l e s  i n c r e a s i n g  
w i th  t h e  t o t a l  dye c o n c e n t r a t i o n .  I t  i s  n e c e s s a r y ,  
h ow ever, t o  c o n s i d e r  a l t e r n a t i v e  e x p l a n a t i o n s  f o r  t h e  
n a t u r e  o f  t h e s e  c u r v e s ,  a s su m in g  i n  e a c h  c a s e  t h a t  no 
ag g z 'eg a te d  m a t e r i a l  i s  p r e s e n t ,  a l l  a d s o rb e d  dye b e i n g  
p r e s e n t  a s  m o n o la y e r .
The p o s i t i v e  s lo p e s  o f  t h e  CF c u r v e s  m ig h t  b e  
c o n s id e r e d  to  be due t o  a  s c r e e n i n g  e f f e c t  by v i r t u e  o f  
w h ic h  th e  m o l e c u l a r l y  d i s p e r s e d  dye m o le c u le s  become more 
t i g h t l y  packed  t o g e t h e r  w i th  I n c r e a s i n g  c o n c e n t r a t i o n .  I n  
t h i s  way th e y  w ould  become l e s s  a c c e s s i b l e  t o  i r r a d i a t i o n  
and  an  i n c r e a s e d  l i g h t  f a s t n e s s  would r e s u l t .  I n  t h i s  
c a s e ,  how ever, th e  OF c u r v e s  would n o t  b e  l i n e a r ,  b u t
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w ould be  n e a r l y  h o r i z o n t a l  a t  v e r y  low  c o n c e n t r a t i o n s  and 
t h e n  would s t e a d i l y  r i s e .  I n  f a c t ,  c u r v e s  o f  t h i s  ty p e  
h av e  b ee n  o b s e rv e d  (F ig .  10 and 4 9 ) ,  b u t  o n ly  i n  c o l l o d i o n  
w here  i t  i s  p o s s i b l e  t h a t  t h e  dye i s  i n  a  fo rm  o f  s o l i d  
s o l u t i o n .
The o n ly  o t h e r  a l t e r n a t i v e  e x p l a n a t i o n  o f  t h e  p o s i t i v e  
s l o p e s  w ould seem t o  b e  t h a t  e s  t h e  p o re s  o f  t h e  s u b s t r a t e  
become more n e a r l y  f i l l e d  w i th  dyo , l i g h t  a n d / o r  a i r  and  
m o i s tu r e  a r e  l e s s  a b l e  t o  r e a c h  t h e  d y e ,  even  th o u g h  i t  may 
b e  p r e s e n t  a s  a  m o n o la y e r .  I f  t h i s  w ere  t h e  c a s e ,  t h e n  
t h e  l i g h t  f a s t n e s s  o f  a  dye a t  a  g iv e n  c o n c e n t r a t i o n  w ould 
o b v io u s ly  f a l l  w i th  i n c r e a s e  i n  p o re  s i z e  o f  t h e  s u b s t r a t e ,  
w h e rea s  a c t u a l l y  i t  i n c r e a s e s  ( c f .  F i g . 2 1 ,2 2 ,2 9 - 3 5 ) •  
F u r t h e r ,  i f  t h i s  h y p o t h e s i s  were c o r r e c t ,  t h e  CF c u r v e s  
s h o u ld  a lv ;ays h av e  p o s i t i v e  s l o p e ,  and i n  a  hom ologous 
s e r i e s  o f  d y es  t h e  s l o p e s  sh o u ld  be  e i t h e r  t h e  some, o r  
i n c r e a s e  w i t h  l e n g t h  o f  a l k y l  c h a in ,  when t h e  m o le c u le  
becom es more b u lk y .  T h is  how ever, a s  w i l l  b e  shown b e lo w , 
i s  by  no means t h e  c a s e .
I t  would seem t h a t  t h e  f i r s t - m e n t i o n e d  i n t e r p r e t a t i o n  
o f  t h e  p o s i t i v e  s lo p e  o f  t h e  CF c u r v e s  i s  t h e  m ost a c c e p t ­
a b l e ,  b e in g  i n  good a g reem en t w i t h  a lm o s t  a l l  e x p e r im e n ta l  
d a t a .
bd.
The V a l i d i t y  o f  t h e  t h e o r e t i c a l  m o d e l .
The s l o p e s  o f  a lm o s t  a l l  t h e  OF c u r v e s  so  f a r  o b t a i n e d  
l i e  w i t h i n  t h e  t h e o r e t i c a l  l i m i t s  o f  0 and + 1 ,4 ,  im p ly in g  
t h a t  w i th  i n c r e a s e  i n  c o n c e n t r a t i o n  t h e  t o t a l  dye s u r f a c e  
I n c r e a s e s  more r a p i d l y  t h a n  d o es  t h e  p h o to c h e m ic a l ly  a c t i v e  
s u r f a c e -  T h is  may be e x p la in e d  i f  t h e  f a c e s  o f  t h e  dye 
c r y s t a l  a r e  n o t  a l l  e q u a l l y  r e a c t i v e ,  a n d / o r  t h e  c r y s t a l s  
grow so t h a t  t h e y  b lo c k  t h e  p o r e s  o f  t h e  s u b s t r a t e  and o n ly  
t h e  dye s u r f a c e s  a t  t h e  "open"  en d s  o f  t h e  p o r e s  a r e  i n  
c o n t a c t  w i th  a i r  and w a te r  v a p o u r .
The V a l i d i t y  o f  t h e  m odel sy s te m  i s  f u r t h e r  d e m o n s t r a t ­
ed i n  t h a t  dye d i s p e r s i o n s  known t o  h ave  u n i fo rm  s i s e  
d i s t r i b u t i o n  g iv e  CF c u r v e s  o f  z e ro  e lo p e  o r  n e a r l y  s o ;  
end  t h a t  su c h  c u rv e s  c u t  t h e  y - a x i s  h i g h e r  a s  t h e  a v e ra g e  
p a r t i c l e - s i z e  i n c r e a s e s ,  w h e th e r  t h e  p a r t i c l e - s i z e  d i s t r i ­
b u t i o n  i s  u n i fo rm  o r  n o t  (F ig * 15 and 1 4 ) .
F ig * 39 and 40 show two t y p i c a l  g ro u p s  o f  f a d i n g - r a t e  
c u r v e s ,  f o r  s e t s  o f  t r a n s p a r e n t  f i l m s  and v i s c o s e  ra y o n  
f a b r i c s  r e s p e c t i v e l y .
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The r e l a t i o n s h i p  b e tw een  t h e  l i g h t - f a d i n g  and t h e  
B u r f a c e - a c t i v i t y  o f  d y e s .
Many d y e in g  p r o c e s s e s  i n v o l v e  i n s o l u b i l i s a t i o n  o f  t h e  
d y e ,  and  a g g r e g a te d  p a r t i c l e s ,  o f t e n  s u b m ic ro s c o p i e ,  a r e  
t h e n  fo rm e d . I f  t h e  dyo re m a in s  i n  a  w a t e r - s o l u b l e  fo rm  
t h r o u g h o u t ,  how ever, i t  i s  n o t  y e t  c l e a r  how a g g r e g a t e s  
o r i g i n a t e .  They may, o f  c o u r s e ,  b u i l d  up  by  m u l t i l a y e r  
f o r m a t i o n  w h i le  t h e  dye i s  b e in g  a d s o rb e d  from  t h e  aqueous  
s o l u t i o n ;  b u t  even  i f  t h e  dye i s  a d s o rb e d  o n ly  a s  a  mono­
l a y e r ,  t h e  com plex e q u i l i b r i a  i n v o l v i n g  d y e , w a te r  and 
s u b s t r a t e  w i l l  be  d i s t u r b e d  i n  t h e  s u b s e q u e n t  d r y i n g  p r o c e s s ,  
p o s s i b l y  c a u s in g  some d e g r e e  o f  a g g r e g a t i o n -  TThlchever o f  
t h e s e  p r o c e s s e s  o c c u r ,  o r  i f  b o th  o c c u r  t o g e t h e r ,  t h e  
p h y s i c a l  s t a t e  o f  t h e  dye i n  t h e  d ry  s u b s t r a t e ,  and  th u s  i t s  
f a d i n g  c h a r a c t e r i s t i c s ,  s h o u ld  b e  m a rk e d ly  a f f e c t e d  by t h e  
d e g r e e  o f  i t s  s u r f a c e  a c t i v i t y .
The n e x t  s e c t i o n  o f  t h i s  work was t h e r e f o r e  d e s ig n e d  t o  
exam ine  t h e  i n f l u e n c e  o f  t h e  s u r f a c e - a c t i v i t y  o f  d y es  
p ro d u c e d  by a l t e r a t i o n s  i n  t h e  s i z e  and fo rm  o f  t h e i r  h y d ro -  
p h o b ic  r e s i d u e s ,  and t h e  p o s i t i o n  o f  t h e i r  i o n i c  g ro u p s ,  
upon  t h e i r  l i g h t  f a s t n e s s ,  on t h e  b a s i s  o f  t h e  t h e o r e t i c a l  
m odel sy s tem  a s  d e f in e d  i n  t h e  p r e v io u s  s e c t i o n -
The dyes u s e d  ( s e e  page  6 0  ) w ere  s e l e c t e d  i n  s e r i e s  o f  
two o r  m ore, o f  t h e  same fu n d a m e n ta l  c o n s t i t u t i o n ,  b u t
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d i f f e r i n g  i n  t h e  r e l a t i v e  s i z e  a n d / o r  p o s i t i o n  o f  t h e  
h y d r o p h i l i c  and h y d ro p h o b ic  p o r t i o n s  o f  t h e i r  m o le c u le s ,  
end t h u s  i n  s u r f a c e - a c t i v i t y .  I n  c e r t a i n  c a s e s  a  s u r f a c e -  
a c t i v e  c a t i o n i c  a g e n t  ( c e t y l t r i m e t h y l  ammonium b ro m id e )  was 
added  to  t h e  dye t o  en h a n ce  i t s  a b i l i t y  t o  s p r e a d  a s  a  
m o n o la y e r .
As m en tio n ed  p r e v i o u s l y  (page 3 6 )  dye f a d i n g  a p p e a r s  
u s u a l l y  t o  t a k e  p l a c e  by r e d u c t i o n  i f  t h e  s u b s t r a t e  i s  a  
p r o t e i n ,  and by o x i d a t i o n  i f  i t  i s  one o f  a  v a r i e t y  o f  o t h e r  
m a t e r i a l s ,  i n c l u d i n g  c e l l u l o s e  and  i t s  d e r i v a t i v e s .
G e l a t i n  and m e th y l  e t h y l  c e l l u l o s e  ( « C e l lo f a s  A” , I . O . I . ) 
w ere  u se d  h e r e  a s  t y p i c a l  p r o t e i n  and n o n - p r o t e i n  s u b s t r a t e s  
r e s p e c t i v e l y .
L i n e a r  r e l a t i o n s h i p s  have  a l r e a d y  b ee n  shown t o  e x i s t  
b e tw e e n  t h e  r a t e s  o f  f a d i n g ,  and o f  o x i d a t i o n  end r e d u c t i o n  
i n  s o l u t i o n ,  o f  a  s e r i e s  o f  azo d y es  a t  a  g iv e n  c o n c e n t r a ­
t i o n  and t h e  Ilammett s  - v a l u e s  o f  t h e  s u b s t i t u e n t s  ( C h ip a l -  
k a t t i  e t  a l . ) .  T h is  shows t h a t  t h e  r a t e - d e t e r m i n i n g  s t e p  
i n  f a d i n g  i s  p ro b a b ly  t h e  c h e m ic a l  r e a c t i o n  c a u s in g  b r e a k ­
down o f  t h e  ch ro m o p h o r ic  c e n t r e ,  v i z . ,  t h e  a z o - g r o u p .
The r e l a t i v e  f a d i n g  r a t e s  o f  any s e r i e s  o f  d y e s  s h o u ld  
b e a r  a  d i r e c t  r e l a t i o n s h i p  t o  t h e i r  r a t e s  o f  r e d u c t i o n  ( f o r  
f a d i n g  on p r o t e i n s )  o r  o x i d a t i o n  ( f o r  f a d i n g  on n o n - p r o t e i n s )  
p r o v id e d  th e y  do n o t  d i f f e r  much i n  e i t h e r  l i g h t  a b s o r p t i o n
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c h a r a c t e r i s t i c s  o r  p h y s i c a l  fo rm  i n  t h e  s u b s t r a t e .  i n  t h e  
p r e s e n t  w ork , t h e  d y es  compared have  v e r y  s i m i l a r  l i g h t  
a b s o r p t i o n s  { e .g .  F i g . 4 2 ) ,  so t h a t  no  d i f f e r e n c e s  i n  t h e  
r e l a t i v e  am ounts o f  e f f e c t i v e  f a d i n g  r a d i a t i o n  a b s o rb e d  
n e e d  be c o n s id e r e d .  M oreover, t h e  a t t a c h m e n t  o f  an  a l k y l  
c h a in  t o  t h e  a r o m a t i c  n u c l e u s  would n o t  be  e x p e c te d  t o  
i n f l u e n c e  g r e a t l y  t h e  i n t r i n s i c  r e a c t i v i t y  o f  t h e  d y e -  
m o le c u le ,  so t h a t  any m arked ch an g es  i n  f a d i n g - r a t e  p ro d u c e d  
by ch a n g es  i n  a n  a t t a c h e d  a l k y l  c h a in  m ust b e  a s c r i b e d  t o  
p h y s i c a l  e f f e c t s .  Any su c h  e f f e c t s  would be  e x p e c te d  t o  
d i f f e r  i n  s e n se  i f  t h e  dyes  a r e  w h o l ly  p r e s e n t  a s  m o n o la y e rs  
o r  a s  h e te r o g e n e o u s  s y s te m s .
The i n f l u e n c e  o f  t h e  s u r f a c e - a c t i v i t y  o f  d y e s  upon  
l i g h t  f a s t n e s s .
The a d d i t i o n  o f  an  a l k y l  c h a in  t o  any  dye p r e s e n t  
w h o l ly  a s  a  m o n o lay e r  i n  a  s u b s t r a t e  would b e  e x p e c te d  e i t h e r  
t o  h ave  no e f f e c t  on  f a d i n g ,  o r  t o  r e t a r d  i t ,  by more 
e f f e c t i v e l y  b lo c k in g  t h e  p o r e s  o f  t h e  s u b s t r a t e  a g a i n s t  e n t r y  
o f  a i r  and m o i s t u r e .  The b lo c k a g e  would e i t h e r  be  a  r e s u l t  
o f  t h e  i n c r e a s e d  m o le c u la r  s i z e  o r  p e rh a p s  a l s o  o f  t h e  
enhan ced  h y d ro p h o b ic  p r o p e r t y  o f  t h e  d y e , t h e  r e t a r d a t i o n  o f  
f a d i n g  becom ing  p r o g r e s s i v e l y  more n o t i c e a b l e  w i th  i n c r e a s e  
i n  l e n g t h  o f  t h e  a l k y l  c h a in .  F u r t h e r ,  i f  f a d i n g  w ere  
r e t a r d e d ,  i t  would a l s o  be e x p e c te d  t h a t  t h e  s lo p e  o f  t h e
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OF c u rv e  would a lw a y s  p r o g r e s s i v e l y  i n c r e a s e  w i t h  s i z e  o f  
t h e  a t t a c h e d  r e s i d u e .
I f  how ever t h e  d y es  a r e  p r e s e n t  i n  t h e  s u b s t r a t e  a s  
d i s c r e t e  p a r t i c l e s ,  t h e n  t h e  a d d i t i o n  o f  a  h y d ro p h o b ic  
r e s i d u e  m ig h t  have  c e r t a i n  n o t i c e a b l e  e f f e c t s  on f a d i n g  
r a t e .  Sm all r e s i d u e s  m ig h t i n c r e a s e  t h e  t e n d e n c y  t o  
a g g r e g a t e ,  l a r g e r  o n es  m ig h t  d e c r e a s e  i t ,  by  i n c r e a s i n g  t h e  
s t a b i l i t y  o f  a  conden sed  m o n o lay e r  on  t h e  i n t e r n a l  s u r f a c e  
o f  t h e  s u b s t r a t e .  W hether t h e  te n d e n c y  t o  a g g r e g a t e  w ould  
i n c r e a s e  o r  d e c r e a s e  w i th  change i n  s u r f a c e  a c t i v i t y  i n  any  
g iv e n  s e r i e s  o f  dyes  would p e rh a p s  depend on  t h e  g eo m etry  
o f  t h e  b a s i c  c o n s t i t u t i o n  o f  th e  d y e - m o le c u le .
I t  m ig h t  be  a n t i c i p a t e d  a l s o  t h a t  t h e  p o s i t i o n  and 
num ber o f  s u lp h o n a te  g ro u p s  i n  t h e  d y e -m o le c u le  would 
i n f l u e n c e  f a d i n g  by a f f e c t i n g  t h e  s i z e  and sh a p e  o f  t h e  
a g g r e g a te d  dye i n  t h e  s u b s t r a t e .
Cameron, w o rk in g  i n  t h i s  l a b o r a t o r y ,  h a s  made a  p a r a l l e l  
i n v e s t i g a t i o n  i n t o  t h e  m o n o la y e r - fo rm in g  p r o p e r t i e s  on  w a te r  
o f  many o f  t h e  dyes  u s e d  i n  t l i i s  w ork.
The p h y s i c a l  s t a t e  o f  d y es  and t h e i r  f a d i n g  r a t e s .
The e f f e c t s  upon  f a d i n g  r a t e  o f  ch an g es  i n  t h e  p h y s i c a l  
s t a t e  o f  dyes  a r e  now c o n s id e r e d  w i th  r e f e r e n c e  t o  F ig * 45•
The p r o g r e s s  o f  f a d i n g  o f  a dye i n  a  s o l i d  s u b s t r a t e  w i l l
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v a r y  a c c o r d in g  t o  i t s  p h y s i c a l  s t a t e  o f  d i s p e r s i o n ,  p ro v id e d  
t h e  i l l u m i n a t i o n  and c o n d i t i o n s  o f  e x p o s u re  re m a in  c o n s t a n t .
F a d in g  o f  any  g iv e n  c o n c e n t r a t i o n  o f  dye w i l l  f o l l o w  
t h e  f i r s t  o r d e r  law  ( F i g , 45 A) when t h e  dye i s  p r e s e n t  a s  
a m o le c u la r  d i s p e r s i o n , o r  a  m o n o la y e r  s p r e a d  o v e r  t h e  
i n t e r n a l  s u r f a c e  o f  t h e  s u b s t r a t e ,  o n ly  a  s m a l l  p r o p o r t i o n  
o f  t h e  p h o to c h e m ic a l ly  a c t i v e  r a d i a t i o n  b e in g  t h e n  a b s o rb e d .  
The f a d i n g  o f  a  s o l i d  s o l u t i o n  o f  c e r t a i n  dy es  i n  c o l l o d i o n  
and o f  a  h ig h ly  s u r f a c e - a c t i v e  w a t e r - s o l u b l e  dye i n  m e th y l  
e t h y l  c e l l u l o s e  o r  g e l a t i n  d e m o n s t r a te s  f i r s t - o r d e r  f a d i n g  
( F i g . 44 and 4 5 ) .
When t h e  dye i s  p r e s e n t  I n  t h e  s u b s t r a t e  w h o lly  a s  
l a r g e  s o l i d  p a r t i c l e s ,  how ever, z e ro  o r d e r  f a d i n g  w i l l  t a k e  
p l a c e  ( F i g . 45 B ) , b e c a u se  o n ly  t h e  m o le c u le s  o f  dye a t  t h e  
s u r f a c e  o f  t h e  a g g r e g a t e s  a r e  a c c e s s i b l e  t o  oxygen and 
m o i s t u r e .  As t h e s e  dye m o le c u le s  a r e  d e s t r o y e d ,  t h e  s u r f a c e  
o f  t h e  a g g r e g a t e s  b r e a k s  u p  and s u c c e s s i v e  f a d i n g  o f  d e e p e r  
l a y e r s  o c c u r s .  T h is  i s  i l l u s t r a t e d  by t h e  r a t e  c u rv e  f o r  
a  s o l i d  dye pow der m e c h a n ic a l ly  i n c o r p o r a t e d  i n  a  f i l m -  
f o rm in g  c o l l o i d  and d r i e d  o u t  ( F i g . 4 6 ) .
I f  t h e  dye i s  p r e s e n t  a s  a  h e te r o g e n e o u s  sy s te m  r a n g in g  
f ro m  dye a s  a  m o n o lay e r  t o  a g g r e g a te d  o r  c r y s t a l l i n e  d y e , 
t h e n  th e  c o u r s e  o f  f a d i n g  w i l l  bo more com plex , and a  cu rv e  
o f  t h e  g e n e r a l  fo rm  shown i n  F i g . 45 A,B w i l l  r e s u l t .  The
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The I n i t i a l  p o r t i o n  o f  t h e  c u rv e  ( s e c t i o n  A) r e p r e s e n t s  t h e  
f i r s t - o r d e r  f a d i n g  i n  t h e  m o n o la y e r ,  and s e c t i o n  B, t h e  
s u b s e q u e n t  z e r o - o r d e r  f a d i n g  o f  t h e  a g g r e g a t e s .  H o st o f  
t h e  d y e - s u b s t r a t e  s y s te m s  i n  th e  p r e s e n t  work g iv e  c u r v e s  
o f  t h i s  l a t t e r  ty p e  ( F i g . 4 7 ) ,  t h i s  b e in g  c o n s id e r e d  t o  be  
e v id e n c e  o f  t h e  h e te r o g e n e o u s  p h y s i c a l  s t a t e  o f  t h e  d y e s .
The f a d i n g  i n  g e l a t i n  o f  two s u lp h o n a te d  a n th r a q u in o n e  
b lu e  d y e s  o f  a  ty p e  s i m i l a r  t o  th o s e  w h ich  A s tb u ry  end 
Dawson fo u n d  to  be  c r y s t a l l i n e  i n  wool show an i n i t i a l  r i s e  
i n  o p t i c a l  d e n s i t y  ( F i g . 48) d u e , b e rh a p o ,  t o  some d i s a g g r e g a ­
t i o n  i n  t h e  h e a t  o f  t h e  i l l u m i n a n t .  The s u b s e q u e n t  f a l l  i n  
dye c o n c e n t r a t i o n  a p p ro a c h e s  z e ro  o r d e r  i n  n a t u r e .  B a r k e r ,  
H i r s t  and L am bert (1927) o b s e rv e d  t h a t  t h e  r a t e  o f  f a d i n g  o f  
dyed wool f o l lo w e d  a  z e r o - o r d e r  law .
Where a  c o m p ar iso n  b e tw een  t h e  GF c u r v e s  f o r  two d y es  
s u g g e s t s  a  d i f f e r e n c e  i n  t h e i r  s t a t e  o f  a g g r e g a t i o n ,  t h a t  
dye w i t h  a p p a r e n t l y  t h e  h i g h e r  p r o p o r t i o n  o f  m o n o la y e r  s h o u ld  
g iv e  f a d i n g  c u rv e s  i n  w hich  t h e  p o r t i o n  A (P ig .  45) i s  more 
n o t i c e a b l e .  F u r t h e r ,  t h e  h ig h e r  t h e  v a lu e  o f  t h e  l o s s  o f  
dye f o r  w hich  t h e  t p  v a l u e s  a r e  c a l c u l a t e d ,  t h e  g r e a t e r  i s  
t h e  s lo p e  o f  th e  OF c u rv e  l i k e l y  t o  b e ,  b e c a u s e  t h e  am ount 




A s e r i e s  o f  t e s t s  w i th  w a t e r - i n s o l u b l e  m erocy a n in e  
d y e s  (X a ,b )  i n  f i l m s  form ed from  c o l l o d i o n  s o l u t i o n s ,  show 
t h a t  t h e  f a d i n g  r a t e  i s  n o t  i n f l u e n c e d  by t h e  l e n g t h  o f  t h e  
a t t a c h e d  a l k y l  c h a in  (F ig .  4 9 ) .  The f a d i n g  i s  r e m a rk a b ly  
r a p i d ,  w h ich  f a c t  t o g e t h e r  w i th  t h e  f i r s t - o r d e r  fo rm  o f  t h e  
r a t e  c u rv e s  (F ig * 44) s u g g e s t s  t h a t  t h e  d y e s  a r e  a l l  i n  t h e  
same c o n d i t i o n  o f  m o le c u la r  d i s p e r s i o n  i n  t h e  f i l m .
D y e - s e r i e s  I I  and I I I .
C o l lo d io n  f i l m s  o f  d y es  I I ,  I I I c  and I l l d  w ere t e s t e d  
and  compared w i th  dye I I  i n  f i l m s  made from  aq u eo u s  a l c o h o l i c  
m e th y l  e t h y l  c e l l u l o s e  s o l u t i o n  (F ig .  5 1 ) .  The two C^g 
( I I  and  I l l d )  a r e  p ro b a b ly  l a r g e l y  m o n o d isp e rs e d  i n  
c o l l o d i o n ,  w i th  I I I c  l e s s  s o ,  w h e re a s  dye I I  i n  m e th y l  e t h y l  
c e l l u l o s e  i s  l a r g e l y  p r e s e n t  a s  m in u te  p a r t i c l e s  o r  
a g g r e g a t e s .  The OF c u rv e s  show t h a t  d y e s  I I  and I l l d  f a d e  
a t  v e r y  s i m i l a r  r a t e s  i n  c o l l o d i o n ,  I I I c  l e s s  r a p i d l y  and I I  
i n  m e th y l  e t h y l  c e l l u l o s e  l e s s  r a p i d l y  s t i l l .  These d i f f e r ­
e n c e s  i n  p h y s i c a l  fo rm  a r e  r e f l e c t e d  f u r t h e r  i n  t h e  sh a p e  o f  
t h e  f a d i n g  r a t e  c u rv e s  ( F i g . 4 1 ) .
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D y e - s e r i e s  I I I .
The f a d i n g  d a t a  o f  d y e - s e r i e s  I I I  ( F i g . 5 2 -55 )  show 
t h a t  t h e  c u rv e  f o r  I I I c  h a s  a  much s t e e p e r  s lo p e  on b o th  
g e l a t i n  and m e th y l  e t h y l  c e l l u l o s e  t h a n  t h e  o t h e r s  i n  t h e  
s e r i e s .  I n  f a c t ,  t h e  s lo p e  o f  t h e  c u rv e  f o r  I I I c  r i s e s  
above  t h e  t h e o r e t i c a l  maximum o f  1 .4 .  The o n ly  e x p l a n a t i o n  
w h ich  can  be o f f e r e d  f o r  t h i s  a p p a r e n t l y  anom alous b e h a v io u r  
i s  t h a t  t h e  e x t e n t  o f  t h e  a i r - d y e  i n t e r f a c e  i s  p r o g r e s s i v e l y  
r e d u c e d  by t h e  p r o d u c t s  o f  t h e  f a d i n g  r e a c t i o n  a d h e r i n g  to  
t h e  s u r f a c e  o f  t h e  d y e - a g g r e g a t e s .  The o t h e r  c u r v e s ,  w i th  
one e x c e p t io n ,  ( l l l d  on  m e th y l  e t h y l  c e l l u l o s e ) ,  h ave  
p o s i t i v e  s l o p e s  o f  l e s s  t h a n  1 .4 ,  im p ly in g  a  n o n -u n i fo rm  
p a r t i c l e - s i z e  d i s t r i b u t i o n .  I l l d  h a s  a  z e ro  s lo p e  on m e th y l 
e t h y l  c e l l u l o s e ,  t o g e t h e r  w i th  t h e  h i g h e s t  l i g h t  f a s t n e s s  o f  
t h e  s e r i e s  on t h a t  s u b s t r a t e ,  w h ich  i m p l i e s  t h a t  i t  h a s  a  
u n i f o r m  p a r t i c l e - s i z e  d i s t r i b u t i o n .  F u r t h e r ,  i t  i s  n o t i c e ­
a b l e  t h a t  a s  t h e  p e r c e n ta g e  l o s s  o f  dye f o r  w hich  t p  i s  
c a l c u l a t e d  i s  re d u c e d  from  10^ to  5/  ^ t h e r e  i s  a  te n d e n c y  f o r  
t h e  c u rv e s  t o  f l a t t e n  a t  lo w e r  c o n c e n t r a t i o n s  ( F i g . 52 and 
5 5 1 I I I c , d ) ,  w h i l s t  t p  f o r  a  2.5?^ l o s s  o f  dye g iv e s  a  c u rv e  
o f  z e ro  s lo p e  f o r  I l l d  and c o n s i d e r a b l y  r e d u c e s  t h e  s lo p e  o f  
t h a t  f o r  I I I c  ( F i g . 5 4 ) .  T h is  may i n d i c a t e  t h a t  a s  t h e  
v a l u e  o f  t h e  l o s s  o f  dye f o r  w h ich  t p  i s  c a l c u l a t e d  i s  
d e c r e a s e d ,  th e  amount o f  f a d i n g  o f  a g g r e g a t e s  i s  a l s o  l i k e l y  
t o  d e c r e a s e  (see  p ag e  94 ) .
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D y e - s e r i e s  IV .
B o th  th e  g e l a t i n  and m e th y l e t h y l  c e l l u l o s e  f i l m s  o f  
d y e - s e r i e s  IV show p o s i t i v e  s lo p e s  o f  OF c u r v e s  ( P ig .  56 and  
5 7 ) ,  t h o s e  o f  t h e  g e l a t i n  f i l m s  b e in g  s l i g h t l y  s t e e p e r  
g e n e r a l l y .  The a d d i t i o n  o f  a  s u r f a c e - a c t i v e  c a t i o n i c  a g e n t  
t o  t h e  d y e s  re d u c e d  t h e i r  l i g h t  f a s t n e s s  on g e l a t i n ,  m ore 
so p e r h a p s  w i th  t h e  0^^ s i  do c h a in  dye ( iV c ) .  The d a t a  f o r  
t h e  s i  de c h a in  d y e(IV b ) w i th  t h e  c a t i o n i c  a g e n t  a r e  l e s s
r e l i a b l e ,  t h e r e  b e in g  a  te n d e n c y  f o r  t h e  f i l m s  to  p e e l  o f f  
t h e  g l a s s  p l a t e  on d r y in g ,  b u t  h e r e  a l s o  t h e r e  i s  a  te n d e n c y  
f o r  a  r e d u c t i o n  i n  l i g h t  f a s t n e s s .  The s lo p e  o f  t h e  CP 
c u rv e  f o r  t h e  dye a l s o  f l a t t e n s  s l i g h t l y ,  t h e  c a t i o n i c  
a g e n t  t e n d i n g  to  r e d u c e  t h e  d y e - a g g r e g a t i o n .
D \r e - s e r ie s  V and V I*
The p o s i t i v e  s lo p e s  o f  t h e  CP c u rv e s  f o r  t h e  d y e - s e r i e s  
V and  VI a r e  m ost n o t i c e a b l e  (P ig * 5 8 -6 1 ) ,  a l th o u g h  t h e r e  i s  
a  te n d e n c y  f o r  t h e  c u rv e s  t o  f l a t t e n  w i t h  t h e  d y es  o f  lo w e r  
f a s t n e s s .  The d y es  v / i th  th e  h y d ro x y -g ro u p  o r t h o -  t o  t h e  
azo  l i n k a g e  t e n d  to  be f a s t e r  t o  l i g h t  t h a n  t h e  p a r a - h y d ro x y  
d y e s ,  e s p e c i a l l y  on g e l a t i n .  I t  h a s  b e e n  n o te d  p r e v i o u s l y  
( A th e r to n  and P e t e r s ?  E l e n l e  e t  a l . ) t h a t  s u b s t i t u e n t  
g ro u p s  o r t h o -  to  t h e  a z o -g ro u p ,  i f  t h e y  can  a c t  a s  h y d ro g e n -  
bond d o n o rs ,  e . g . ,  am ino- o r  h y d ro x y -g ro u p s ,  a p p e a r  to  
im p ro v e  l i g h t  f a s t n e s s  on b o th  p r o t e i n  and n o n - p r o t e i n
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s u b s t r a t e s .  A th e r to n  and P e t e r s  s u g g e s te d  t h a t  t h e  a z o -  
g ro u p  was p r o t e c t e d  by t h e  c h e l a t e  r i n g  t h u s  fo rm e d . The 
g e n e r a l  e f f e c t  o f  i n c r e a s e  i n  s i d e c h a in  l e n g t h  i n  s e r i e s  V 
and VI i s  e i t h e r  t o  r e d u c e  t h e  l i g h t  f a s t n e s s  o r  t o  have  
no e f f e c t .
D y e - s e r i e s  V I I .
Dye V l lb  h a s  a  OP c u rv e  o f  p o s i t i v e  s lo p e  on b o t h  
s u b s t r a t e s  b u t  t h e  g e l a t i n  c u rv e  i s  much t h e  s t e e p e r  (P ig .
6 2  and  65)* The s h o r t e r  s i d e c h a i n  dye ( V i l a )  on g e l a t i n  
h a s  a  f l a t t e r  c u r v e ,  w h i l s t  on  m e th y l  e t h y l  c e l l u l o s e  i t  i s  
s t e e p e r  th a n  t h a t  o f  dye V l l b .  On b o t h  s u b s t r a t e s  t h e  dye 
V l lb  h a s  a  lo w e r  l i g h t  f a s t n e s s  t h a n  V i l a ,  v /hich i s  f u r t h e r  
r e d u c e d  on g e l a t i n  by a d d i t i o n  o f  t h e  c a t i o n i c  a g e n t ,  t h e  
s lo p e  a l s o  b e in g  r e d u c e d .  On m e th y l  o t h y l  c e l l u l o s e  t h e  
c a t i o n i c  a g e n t  h a s  t h e  e f f e c t  o f  s t e e p e n in g  t h e  CF c u rv e  o f  
b o t h  d y e s  w i th  no r e d u c t i o n  i n  l i g h t  f a s t n e s s  i n  t h e  c a se  Of 
t h e  s h o r t e r  s i d e c h a i n  d y e .
D y e - s e r i e s  V I I I .
V ery low l i g h t  f a s t n e s s  i s  shown by d y e s  V i l l a  and 
V l l l b  on  b o th  s u b s t r a t e s  ( P i g . 64  and 6 5 ) and t h e  CF c u rv e s  
a r e  f l a t  a t  low  c o n c e n t r a t i o n s ,  t h e  s lo p e  i n c r e a s i n g  w i t h  
c o n c e n t r a t i o n .  These  two o b s e r v a t i o n s  s u g g e s t  t h a t  t h e  
d y e s  a r e  p r e s e n t  i n  th o  s u b s t r a t e s  a s  m o le c u la r  d i s p e r s i o n s ,
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o r  n e a r l y  s o ,  and t h a t  f a d i n g  t h e r e f o r e  f o l l o w s  t h e  f i r s t  
o r d e r  l a w .  T h is  i s  c o n f irm e d  by t h e  p l o t  o f  l o g .  con cen ­
t r a t i o n  ( a s  O p t i c a l  D e n s i ty )  a g a i n s t  f a d i n g  t im e  ( F i g . 45)* 
The lo w e s t  f a s t n e s s  o f  t h e  s e r i e s  i s  shown by t h e  s h o r t e r  
s i d e c h a i n  dye ( V i l l a )  on g e l a t i n .  I t  n ay  be  t h a t  t h i s  dye 
i s  i n  t r u e  m o le c u la r  d i s p e r s i o n ,  w h e re a s  i n  t h e  sy s te m s  
show ing  h i g h e r  f a s t n e s s  th e  dy es  may be p r e s e n t  p a r t l y  a s  
m i c e l l e s .  The c a t i o n i c  a g e n t  r e d u c e s  t h e  f a s t n e s s  o f  dye 
V l l l b  on  g e l a t i n ,  b u t  on m e th y l  e t h y l  c e l l u l o s e  i t  i n c r e a s e s  
i t ,  a s  i t  a l s o  d o es  i n  t h e  c a se  o f  V i l l a  on g e l a t i n .  The 
f a s t n e s s  im p ro v em en ts  i n  t h e  l a t t e r  two c a s e s  a r e  d i f f i c u l t  
t o  i n t e r p r e t ,  b u t  t h e  f o l l o w i n g  e x p l a n a t i o n  i s  t e n t a t i v e l y  
o f f e r e d .
The a d d i t i o n  o f  a  c a t i o n i c  a g e n t  t o  an  a n i o n i c  dye may 
e i t h e r  c a u se  i t  to  s p re a d  a s  a  m o n o la y e r ,  o r  t o  a g g r e g a t e  
i n  t h e  fo rm  o f  m ixed m i c e l l e s ,  o r  b o t h .  I f  t h e  dye i s  
a l r e a d y  p r e s e n t  a s  a g g r e g a t e s ,  t h e  p r o d u c t i o n  o f  some 
a d d i t i o n a l  m o n o lay e r  m a t e r i a l  w i l l  t e n d  t o  c a u s e  a  d e c r e a s e  
i n  l i g h t  f a s t n e s s .  I f ,  how ever, t h e  dye i s  a lm o s t  w h o l ly  
p r e s e n t  a s  m o n o lay er  a l r e a d y ,  t h e n  t h e  a g e n t  may c a u se  an  
I n c r e a s e  i n  f a s t n e s s  by m i c e l l e  f o r m a t io n .  I t  may be 
s i g n i f i c a n t  t h a t  t h e  dye V l l l b  w hich  i s  im p ro v e d  i n  l i g h t  
f a s t n e s s  by t h e  c a t i o n i c  a g e n t  i s  a l s o  c a u se d  t o  f l o c c u l a t e  
o u t  o f  s o l u t i o n  (o n  lo n g  s t a n d i n g )  i n  p r e s e n c e  o f  t h i s  a g e n t .
I n  o r d e r  t o  exam ine  t h e  e f f e c t  o f  d y e in g  r a t h e r  t h a n
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c a s t i n g , g e l a t i n  f i l m s  w ere  h a rd e n e d  and  r e n d e r e d  w a te r -  
in s o ^ .u h le  a s  d e s c r i b e d  p r e v i o u s l y  (page  4 8 ) .  F i lm s  were 
t h e n  dyed  w i t h  V i l l a  and V l l l b  a t  60^C* w i th  no a d d i t i o n s  
t o  t h e  d y e b a th ,  to  f a c i l i t a t e  d y e in g .  U nder t h e s e  c o n d i­
t i o n s  V i l l a  had t h e  same l i g h t  f a s t n e s s  a s  i t  had  when c a s t  
i n  m e th y l  e t h y l  c e l l u l o s e  f i l m s ,  b u t  V l l l b  showed a  
r e m a rk a b ly  im proved  l i g h t  f a s t n e s s  ( F ig .  66) com pared w i th  
t h e  r e s u l t s  f o r  c a s t  g e l a t i n  and m e th y l  e t h y l  c e l l u l o s e  
f i l m s .  T r a n s p a r e n t  n y lo n  f i l m  was th e n  dyed  a t  9 0 ^0 . w i th  
t h e s e  two d y e s  and w h i l s t  V i l l a  showed t h e  same l i g h t  f a s t ­
n e s s  a s  when dyed on h a rd e n e d  g e l a t i n ,  t h e  f a s t n e s s  o f  V l l l b  
was a lm o s t  h a lv e d  on n y lo n .  I n  an  i n v e s t i g a t i o n  up on  t h e  
c o l l o i d a l  b e h a v io u r  o f  d y es  i n  s o l u t i o n ,  A le x a n d e r  and 
S ta c e y  c o n c lu d e d  t h a t  d y es  h a v in g  s u lp h o n a te  g ro u p s  s i t u a t e d  
a t  one end o f  a  lo n g  n o n - p o l a r  c h a in  may fo rm  m i c e l l e s  i n  
w h ich  t h e  i o n i s e d  g ro u p in g s  e x te n d  o u tw a rd s  w h i le  th e  h y d ro -  
p h o b ic  p o r t i o n  o f  t h e  m o le c u le  l a  w i t h i n  t h e  m i c e l l e ,  a s  i n  
a  h ig h  m o le c u la r  w e ig h t  s o a p .  T hese  m i c e l l e s  a r e  s t a b l e  i n  
s o l u t i o n  t o  t e m p e r a tu r e s  up to  60^0 . T h is  may be  t h e  c a s e  
w i t h  dye V l l l b ,  i t s  m o le c u l a r  s t r u c t u r e  s a t i s f y i n g  th o  above 
c o n d i t i o n s  f o r  m i c e l l e - f o r m a t l o n . The g e l a t i n  and m e th y l
e t h y l  c e l l u l o s e  s o l u t i o n s  a r c  p o s s i b l y  h e a te d  t o  a  te m p e ra ­
t u r e  o f  t h e  o r d e r  o f  7 0 -8 0 ^ 0 .  i n  d r y i n g ,  w h ich , t o g e t h e r  
w i th  t h e  c o l l o i d a l  n a t u r e  o f  t h e  f i lm -m a k in g  m a t e r i a l s ,  may 
l a r g e l y  b r e a k  up t h e  m i c e l l e s ,  g i v i n g  a  low  l i g h t  f a s t n e s s .
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I ^ ô  V l I I b  dyed b o t h  t h e  h a rd e n e d  g e l a t i n  and n y lo n  f i l m s  
v e r y  r a p i d l y ,  h a v in g  a  h ig h  a f f i n i t y  f o r  t h e s e  s u b s t r a t e s ,  
p o s s i b l y  by t h e  a t t a c h m e n t  o f  m i c e l l e s  o f  d y e , w h ich  would 
b e  l a r g e r  t h e  lo w e r  t h e  d y e b a th  t e m p e r a tu r e .
Dye IX .
Dyo IX h a s  v e r y  s t e e p  CF c u rv e s  on  a l l  s u b s t r a t e s  
w h ic h ,  t o g e t h e r  w i th  t h e  v e r y  h i ^  f a s t n e s s  com pared w i t h  
t h e  dye s e r i e s  V II  and V I I I ,  may i n d i c a t e  a  h ig h  d e g r e e  Of 
a g g r e g a t i o n  ( F i g . 6 7 ) .
D y e - s e r i e s  V I I ,  V I I I  and IX .
The b a s i c  s t r u c t u r e s  o f  V i l a ,  V l lb  and IX a r e  v e r y  
s i m i l a r  t o  e a c h  o t h e r  and t o  s e r i e s  V I I I ,  so t h a t  f a s t n e s s  
d i f f e r e n c e s  c o u ld  b e  a c c o u n te d  f o r  by t h e  f i r s t - m e n t i o n e d  
d y e s  b e i n g  a g g r e g a te d  i n  t h e  s u b s t r a t e *  T here  i s ,  how ever, 
a  c o n s i d e r a b l e  d i f f e r e n c e  i n  t h e i r  s p e c t r a l  a b s o r p t io n s *
To f i n d  o u t  w h e th e r  t h i s  c o u ld  a c c o u n t  f o r  t h e  f a d i n g  
d i f f e r e n c e s  t h e  dyee  V l l l b  and IX  w ere e x p o se d  f o r  f a d i n g  
b e h in d  Chance c o l o u r  f i l t e r s  t r a n s m i t t i n g  l i g h t  o f  w a v e le n g th  
4358 A. At t h i s  w a v e le n g th  how ever t h e  dye w h ich  was v e r y  
much more f a s t  t o  l i g h t  (IX ) a b so rb e d  m ore r a d i a t i o n  from  
t h e  f a d i n g  lamp t h a n  t h e  more f u g i t i v e  dye (F ig .  6 8 ) ,  b u t  
h e r e  a l s o  dye V l l l b  was c o n s i d e r a b l y  more f u g i t i v e .  The 
e x p l a n a t i o n  o f  t h e  f a s t n e s s  d i f f e r e n c e s  would t h e r e f o r e  seem
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t o  be t h a t  t h e  f a s t e r - t o - l i g h t  dye i s  more a g g r e g a te d  th a n  
t h e  o t h e r .  T here  a r e  a l s o  no a p p a r e n t  c h e m ic a l  f a c t o r s  
l i k e l y  t o  i n f l u e n c e  t h e  f a s t n e s s  i n  t h e  above f a s h i o n ,  
b e c a u s e  t h e  more f u g i t i v e  d y es  h ave  two h y d ro x y -g ro u p s  
o r t h o -  t o  t h e  a s o - l i n k a g e  w h ich  would t e n d  to  im p ro v e  f a s t ­
n e s s  w h e re a s  t h e  f a s t e r - t o - l i g h t  dyes  have  o n ly  o n e .
Dyes X, X I, H I  and X I I I .
Dyes U  and X I I ,  h a v in g  s i d e c h a i n s ,  g iv e  a lm o s t  
h o r i z o n t a l  CF c u r v e s ,  and l i g h t  f a s t n e s s e s  lo w e r  t h a n  t h e i r  
c o r r e s p o n d in g  d y es  X end X I I ,  o f  s h o r t e r  s i d e c h a i n  l e n g t h  
( F i g . 69)* I n  v iew  o f  t h e i r  r e l a t i v e l y  h ig h  l i g h t  f a s t n e s s ,  
t h e  low  s lo p e s  o f  t h e  CF c u rv e s  f o r  d y es  XI and X I I I  may 
i n d i c a t e  a  sy s tem  i n  w h ich  th e  r e l a t i v e  abundanoe o f  
p a r t i c l e s  o f  e a c h  s i z e  i s  t h e  same a t  a l l  c o n c e n t r a t i o n s ,  
i . e .  a  mono d i s p e r s e  sy s te m  o f  m i c e l l e s .
D y e - s e r i e s  XIV, XV and XVI.
Dyes XlVa and XIVb have  an  i d e n t i c a l  l i g h t  f a s t n e s s ,  
g i v i n g  a  OF cu rv e  o f  v e r y  low s lo p e  ( F i g . 7 0 ) .  The s l o p e s  
o f  th e  c u r v e s  f o r  dyes  XVa and XVb a r e  f a i r l y  s t e e p  and t h e  
0^2  s i d e c h a i n  dye h a s  a  lo w e r  f a s t n e s s ,  much more makked on 
m e th y l  e t h y l  c e l l u l o s e  ( F i g . 71 ) * The d y es  XVIa and XVIb 
have  a  v e r y  s i m i l a r  l i g h t  f a s t n e s s  b u t  t h e  C^ s u b s t i t u t e d  
dye g iv e s  a  c u rv e  o f  s t e e p e r  s lo p e  ( F i g . 7 2 ) .  From th e s e
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d a t a  i t  would seem t h a t  a  s i d e c h a i n  o f  l e n g t h  0^ i s  n o t  
s u f f i c i e n t  t o  c o n f e r  any h ig h  d e g r e e  o f  s u r f a c e  a c t i v i t y  
u po n  a  d y e , a l t h o u g h  i t  may i n c r e a s e  t h e  te n d e n c y  to  
a g g r e g a t e  a t  h i g h e r  c o n c e n t r a t i o n s .
D y e - s e r i e s  XVII and X V III .
Dyes XVIIa and XVIIh g iv e  a  CP c u rv e  o f  p o s i t i v e  s lo p e  
on b o th  s u b s t r a t e s  ( P i g . 75 and 74) and t h e  CP c u rv e  f o r  5^ 
l o s s  o f  dye on g e l a t i n  i s  s l i g h t l y  f l a t t e r .  On b o th
s u b s t r a t e s  dye XVIIa h a s  a  lo w e r  l i g h t  f a s t n e s s  t h a n  XVIIb, 
m ore m arked i n  t h e  c a s e  o f  g e l a t i n  a s  s u b s t r a t e .  Very 
s t e e p  CP c u r v e s  a r e  shown by d y es  X V IIIa  end X V IIIb  on 
g e l a t i n  ( P i g . 7 5 ) ,  b u t  dye X V IIIa  on m e th y l  e t h y l  c e l l u l o s e  
g i v e s  an  a lm o s t  f l a t  c u r v e ,  t h a t  f o r  dye X V IIIb  b e in g  
s l i g h t l y  s t e e p e r  ( P i g . 7 6 ) .  The CP c u rv e  f o r  5^ l o s s  o f  dye 
on g e l a t i n  shov/s a  v e r y  s t e e p  s lo p e  a l s o  f o r  b o th  d y e s .  On 
b o th  s u b s t r a t e s  th e  dye X V IIIb  i s  f a s t e r ,  t h e  d i f f e r e n c e  
b e i n g  much more m arked on m e th y l  e t h y l  c e l l u l o s e .  I t  was 
o b s e rv e d  p r e v io u s l y  (page 95 ) t h a t  s u lp h o n a t i o n  makes 
a lm o s t  no d i f f e r e n c e  t o  f a d i n g  on  h y d ro p h o b ic  s u b s t r a t e s  
( s e e  F i g . 51, d y es  I I  and I l l d ) . T h is  may c o n f irm  t h a t  t h e  
s u lp h o n a te  g rou p  h a s  an  e f f e c t  on m o n o la y e r  f o r m a t io n  i n  
a q u eo u s  m ed ia ,  i n  v iew  o f  t h e  d i f f e r e n c e s  i n  f a d i n g  r a t e s  
e n c o u n te re d  a b o v e ,  an d , f u r t h e r ,  t h a t  t h e  e f f e c t  o f  t h a t  
g r o u p in g  i n  t h e  m o le c u le  on t h e  f a d i n g  r a t e  i s  n o t  by
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d i r e c t  c h e m ic a l  m eans.
D y e - g e r i e a  XIX.
The s t e e p e r  s l o p e  o f  t h e  CF c u rv e  f o r  dye XlXa 
com pared w i th  t h o s e  f o r  t h e  dyes  XlXh and XIXc i s  m ost 
s t r i k i n g  ( F i g . 7 7 ) ,  t h e  l a t t e r  two d y es  g i v i n g  c u r v e s  o f  
a lm o s t  i d e n t i c a l  s l o p e ,  dye U X b  b e in g  c o n s i d e r a b l y  more 
f a s t  t o  l i g h t .  The s u p e r i o r  f a s t n e s s  o f  dye U X b  may 
r e s u l t  from  some m easu re  o f  p r o t e c t i o n  o f  t h e  a s o - l i n k a g e s  by 
t h e  o r t h o - m e th y l  s u b s t i t u e n t s .  The m ost s y m m e tr ic a l  dye 
XlXa, w hich  a l s o  h a s  two m e th y l  s u b s t i t u e n t s  o r t h o -  t o  t h e  
a z o - l i n k a g e s ,  would b e  e x p e c te d  to  show s i m i l a r  l i g h t  f a s t ­
n e s s  to  t h a t  o f  dye XlXb, w h ereas  a t  low  c o n c e n t r a t i o n s  i t  i s  
s i m i l a r  t o  dye XIXc. T h is  may p e r h a p s  i n d i c a t e  t h a t  th e  
f a s t n e s s  d i f f e r e n c e s  b e tw e en  XlXb and XIXc a r e  a  r e s u l t  o f  
d i f f e r e n c e s  i n  d y e - a g g r e g a t i o n  only*
D yes  XX and X X I*
The s lo p e  o f  t h e  CF c u rv e  f o r  dye XX shows a  s p e c t a c u l a r  
d ro p  fro m  10^ to  5^ l o s s  o f  d y e , w h e re a s  dye XXI, h a v in g  a  
s u l p h o n ic  a c i d  g roup  a t  e i t h e r  end o f  t h e  m o le c u le ,  g iv e s  a  
OF u u rv e  f o r  5^ l o s s  o f  dye w h ich , by  c o m p a r iso n ,  i s  o n ly  
s l i g h t l y  lo w e r  t h a n  t h e  c u rv e  f o r  10^ l o s s  ( F i g . 78%. These 
d a t a  may i n d i c a t e  a  te n d e n c y  f o r  m o n o la y e r  f o r m a t i o n  i n  t h e
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c a s e  o f  dye XX w hich  h a s  two s u lp h o n a te  g ro u p s  a t  one  end 
o f  a  l o n g ,  s t r a i g h t  m o le c u le ,  w h ereas  t h e  symmetry o f  dye 
XXI m ak ing  i t  u n s u i t a b l e  f o r  m o n o lay e r  f o r m a t io n  would 
prom ote  a g g r e g a t i o n  i n  t h e  s u b s t r a t e .  Dye XXI i s  a l s o  
c o n s i d e r a b l y  f a s t e r  to  l i g h t  t h a n  dy© XX, t h e  d i f f e r e n c e  
b e i n g  more marked f o r  5/^ l o s s  o f  d y e , s u b s t a n t i a t i n g  t h e  
above  s u g g e s t i o n .
The l i g h t - f a d i n g  o f  w a t e r - s o l u b l e  d y e s .
P h o to c h e m ic a l  r e a c t i o n s  may be r e g a rd e d  a s  b e in g  any­
w here  b e tw e en  z e ro  o r d e r  and u n i t y .  As a l r e a d y  d i s c u s s e d ,  
i n  s o l u t i o n ,  t h e  p l o t  o f  l o g .  c o n c e n t r a t i o n  a g a i n s t  l o g .  t p  
w i l l  r e s u l t  i n  a c u rv e  o f  z e ro  g r a d i e n t  a t  v e r y  low  concen­
t r a t i o n s ,  i n c r e a s i n g  to  g iv e  a  g r a d i e n t  o f  a p p r o x im a te ly  1#4 
a t  h ig h  c o n c e n t r a t i o n s ,  w here t h e  f a d i n g  r a t e  i s  z e r o  o r d e r .
T h is  ty p e  o f  cu rv e  w i l l  n o t  n e c e s s a r i l y  a p p ly  t o  t h e  
c a s e  o f  a  dye d i s p e r s e d  i n  a  f i b r e  s u b s t r a t e ,  w here  t h e r e  i s  
t h e  te n d e n c y  f o r  t h e  f o r m a t io n  o f  d y e - a g g r e g a t e s .  The OF 
c u r v e s  o f  m ost o f  t h e  d y e - s u b s t r a t e  sy s te m s  exam ined i n  t h e  
p r e s e n t  work a r e  l i n e a r *  T h is  i s  b e l i e v e d  t o  be a  c o n se ­
quence  o f  t h e  p r e s e n c e  o f  a g g r e g a te d  m a t e r i a l ,  o n ly  a  p ro p o r ­
t i o n  o f  t h e  t o t a l  d y e -w e ig h t  b e in g  a c c e s s i b l e  t o  t h e  f a d i n g  
a g e n c i e s ,  t h e  r a t e  o f  i n c r e a s e  o f  t h i s  p r o p o r t i o n  r e l a t i v e  
t o  i n c r e a s e  o f  t o t a l  w e ig h t  o f  dye b e in g  low  ( s e e  p age  77  )*
The c u rv e  i s  t h u s  a  v i r t u a l l y  l i n e a r  segm ent o f  t h e  w hole
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" I d e a l ” c u r v e ,  o v e r  n o rm a l c o n c e n t r a t i o n  r a n g e s .
Some o f  t h e  w a t e r - s o l u b l e  d y es  g iv e  CF c u r v e s  o f  v e r y  
low  s l o p e ,  t o g e t h e r  w i t h  v e r y  low  l i g h t  f a s t n e s s ,  f a c t s  
c o n s i s t e n t  w i th  t h e i r  b e in g  p r e s e n t  a s  a  m o n o la y e r  i n  t h e  
s u b s t r a t e .  I n  m ost s y s te m s ,  how ever, t h e  OF c u r v e s  have  a  
p o s i t i v e  s l o p e ,  im p ly in g  a  n o n -u n i fo rm  p a r t i c l e  s i s e  d i s t r i ­
b u t i o n ,  t h e  m a j o r i t y  o f  t h e s e  c u rv e s  h a v in g  s l o p e s  o f  l e s s  
t h a n  1 .4 .  I n  c e r t a i n  c a c e s ,  how ever, a  CF c u rv e  o f  low  
s lo p e  i s  c o n s i s t e n t  w i th  t h e  r e l a t i v e  abu ndan ce  o f  d y e -  
p a r t i c l e s  o f  e a c h  s i z e  b e in g  th e  same a t  a l l  c o n c e n t r a t i o n s .  
T h is  a p p l i e s  where a  r e l a t i v e l y  l i lg h  l i g h t  f a s t n e s s  i s  
o b t a i n e d .
I f  t h e  p e r c e n ta g e  l o s s  o f  dye f o r  wdiich t h e  v a l u e s  o f  
t p  a r e  c a l c u l a t e d  i s  re d u c e d  from  10# to  5#, t h e  r e s u l t a n t  
OF c u rv e  i s  o f t e n  fo u n d  t o  have  a  lo w e r  s lo p e  t h a n  t h e  c u rv e  
c a l c u l a t e d  on t h e  b a s i s  o f  10# l o s s  o f  d y e . As e x p la in e d  
e a r l i e r  (page 94 ) ,  t h i s  may i n d i c a t e  t h a t  t h e  am ount o f  
f a d i n g  o f  a g g r e g a t e s  h a s  b een  d e c r e a s e d .
T here  would seem to  be no s y s t e m a t i c  i n f l u e n c e  o f  c h a in  
l e n g t h  on th e  s lo p e  o f  t h e  OF c u rv e ,  b u t  c h a in  l e n g t h s  o f  
t h e  o r d e r  o f  0^ t e n d  t o  i n c r e a s e  t h e  p r o p o r t i o n  o f  l a r g e r  
d y e - p a r t i c l e s  a t  h ig h e r  c o n c e n t r a t i o n s , i n c r e a s i n g  t h e  s lo p e  
o f  t h e  CF c u rv e .  T hat th e  s lo p e  o f  t h e  OF c u rv e  d o e s  n o t  
p r o g r e s s i v e l y  i n c r e a s e  w i th  s i z e  o f  t h e  a t t a c h e d  r e s i d u e  i s
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a  f u r t h e r  i n d i c a t i o n  o f  t h e  p re s e n c e  o f  t h e  dye a s  d i s c r e t e  
p a r t i c l e s  ( s e e  page  91 ) .
I t  i s  e v id e n t  from  t h e  r e s u l t s  t h a t  t h e  t e n d e n c y  f o r  
m o n o la y e r  f o r m a t io n  i s  govern ed  l a r g e l y  by  t h e  g eo m etry  o f  
t h e  dye m o le c u le .  I d e a l l y ,  m o n o lay e r  f o r m a t io n  would t a k e  
p l a c e  w i th  a  dye h a v in g  s u lp h o n a te  g ro u p s  s i t u a t e d  a t  one 
end o f  a  lo n g ,  n o n - p o l a r  c h a in .  V ery  r a p i d  f a d i n g ,  an 
i n d i c a t i o n  o f  m o le c u la r  d i s p e r s i o n  o r  m o n o la y e r  f o r m a t io n ,  
h a s  b een  o b t a i n e d ,  a t  l e a s t  i n  th e  i n i t i a l  s t a g e s  o f  
i r r a d i a t i o n ,  v / i th  s e v e r a l  dyes  whose m o le c u la r  s t r u c t u r e s  
s a t i s f y ,  t o  some e x t e n t  a t  l e a s t ,  t h e  above c o n d i t i o n s  f o r  
m o n o la y e r  f o r m a t io n .  I n  o t h e r  c a s e s  w here i t  was e x p e c te d  
f ro m  th e  geom etry  o f  t h e  dye m o le c u le  t h a t  t h e  dye ( e . g .  
V l lb )  would t e n d  to  be p r e s e n t  a s  a  m o n o lay e r  i n  t h e  sub­
s t r a t e ,  no su ch  e v id e n c e  was o b ta in e d  ( F i g . 62 and 6 3 )*
I t  would seem from  t h e  f a c t s  d i s c l o s e d  t h a t  t h e  te n d e n c y  f o r  
m o n o la y e r  f o r m a t io n  i s  a l s o  l a r g e l y  d e p e n d e n t  upon th e  
b a l a n c e  o f  c e r t a i n  i n t e r m o l e o u l a r  f o r c e s  when t h e  s o lv e n t  
(w a te r )  i s  rem oved. These f o r c e s  i n c l u d e  p o l a r  a t t r a c t i o n s  
and  d i s p e r s i v e  f o r c e s  be tw een  s u b s t r a t e  and dye m o le c u le s  
a n d ,  d e p e n d e n t  upon w h ich  o f  t h e s e  f o r c e s  i s  p re d o m in a n t ,  
t h e  dye w i l l  te n d  to  a g g r e g a t e  o r  s p r e a d  a s  a  m o n o lay e r  on 
t h e  s u b s t r a t e .  The dye V l l b ,  m e n t io n e d  abo ve , was foun d  t o  
fo rm  a  c o h e r e n t , s t a b l e  m onom olecu lar f i l m  when s p re a d  on 
w a t e r  (C am eron), a s  a l s o  d id  th e  d y es  V i l l a  and V I I Ib  w hich
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a l s o  have  re m a rk a b ly  low  l i g h t  f a s t n e s s e s .
I n  m ost d y o - o e r i e s  one o r  o t h e r  o f  th e  i n t e r m e d i a t e  
c h a in  l e n g t h s  d e c r e a s e s  t h e  f a d i n g  r a t e ,  w h ich  w ould a p p e a r  
i n  t h e s e  c a s e s  t o  p a s s  th ro u g h  a  minimum v a lu e *  T h is  i s  
d e m o n s t r a te d  by t h e  cu rv e  show ing t h e  r e l a t i o n s h i p  b e tw een  
t h e  t im e  o f  f a d i n g  o f  dye i n  a  g iv e n  c o n c e n t r a t i o n  and t h e  
l e n g t h  o f  an  a t t a c h e d  a l k y l  c h a in  ( F i g . 7 9 ) ,  w h ich  a t  f i r s t  
r i s e s  w i th  i n c r e a s e  i n  l e n g t h  o f  c h a in ,  and th e n  f a l l s .
The maximum ch an g es  p o s i t i o n  w i th  change i n  t h e  b a s i c  dye 
s t r u c t u r e s  b u t  a p p e a r s  u s u a l l y  t o  l i e  b e tw een  c h a in s  o f  
l e n g t h  and and dyes w i th  C^gOr c h a i n s ,  o f  h ig h
s u r f a c e  a c t i v i t y ,  a p p e a r  t o  show t h e  m ost r a p i d  f a d i n g .
T here  i s  l i t t l e  d i f f e r e n c e  i n  s p e c t r a l  a b s o r p t i o n  
b e tw een  dyes  o f  th e  same s e r i e s  w i th  s t r a i g h t  a l k y l  c h a in s  o f  
d i f f e r e n t  l e n g t h s  when th e y  a r e  i n  s o l u t i o n  i n  aqueous  
p y r i d i n e  ( F i g . 4 2 ) .  I t  i s  s u g g e s te d  by  M a r t in  and S ta n d in g  
t h a t  a g g r e g a t i o n  o f  dye i n  aq ueo us  p y r i d i n e  i s  p r o b a b ly  
p r e v e n te d  by com plex f o r m a t io n  b e tw een  t h e  p y r i d i n e  and t h e  
d y e .  Aqueous e t h y l  a l c o h o l  h a s  been  u s e d  i n  t h i s  w ork  a l s o  
(page  59) t o  p r e v e n t  t h e  a g g r e g a t i o n  o f  dyes  i n  s o l u t i o n .
The above a u t h o r s  s u g g e s t  t h a t  d i s a g g r e g a t i o n  i s  due to  t h e  
e f f e c t  o f  a l c o h o l  on t h e  d i e l e c t r i o  c o n s t a n t  o f  t h e  s o l u t i o n .
Taen  th e  d y es  a r e  c a s t  o r  dyed i n  f i l m s  f o r  f a d i n g ,  
how ev er, t h e r e  a r e  s l i g h t  d i f f e r e n c e s  i n  s p e c t r a l  a b s o r p t i o n  
b e tw een  d y es  i n  t h e  same s e r i e s  and a l s o  w i th  i n c r e a s e  o f  dye
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c o n c e n t r a t i o n  i n  t h e  f i l m  ( e . g .  P i g . 8 0 ) .  Tho n a t u r o  o f  
t h e s e  d i f f e r e n c e e  i n  s p e c t r a l  a b s o r p t i o n  i s  c o n s i s t e n t  w i t h  
t h e  a g g r e g a t i o n  o f  t h e  d y es  i n  th e  s u b s t r a t e .  I t  h a s  b ee n  
shown (page  lOI ) t h a t  d i f f e r e n c e s  i n  s p e c t r a l  a b s o r p t i o n  
do n o t  a c c o u n t  f o r  f a s t n e s s  d i f f e r e n c e s  b e tw e en  d yes  o f  
s i m i l a r  m o le c u la r  s t r u c t u r e .
B o g u s lo v sk y  and Sadov have  r e p o r t e d  a  r e l a t i o n s h i p  
b e tw een  l i g h t  f a s t n e s s  on wool and t h e  p o s i t i o n  o f  s u lp h o n a te  
g ro u p s  i n  t h e  n a p h th a le n e  n u c l e u s  o f  b e n z e n e a z o n a p h th a le n e  
d y e s .  These g ro u p s  a r e  r e p o r t e d  t o  h ave  a  b e n e f i c i a l  e f f e c t  
on th e  l i g h t  f a s t n e s s  i n  v a r i o u s  p o s i t i o n s  I n  o - n a p h th o l  and 
£ - n a p h th o l  d y e s .  I t  may be s u g g e s te d  t h a t  t h e  p o s i t i o n  o f  
t h e s e  g ro u p s  a f f e c t s  t h e  s i s e  and sh ap e  o f  th o  d y e - a g g r e g a t e s  
i n  t h e  f i b r e .
I n  t h e  p r e s e n t  w ork , a  dye h a v in g  s u lp h o n a te  g ro u p s  
l o c a t e d  a t  one end o n ly  o f  t h e  m o le c u le  t e n d s  t o  have  a  
lo w e r  l i g h t  f a s t n e s s  t h a n  one i n  w h ich  b o th  en d s  a r e  
s u lp h o n a te d .  T h is  i s  t h o u g h t  t o  be  due t o  t h e  p ro m o tio n  o f  
m o n o lay e r  f o r m a t io n  by t h e  f a v o u r a b l e  dye-sym m etry .
The d i f f e r e n c e s  i n  f a d i n g  r a t e s  i n  t h e  v a r i o u s  s e r i e s  o f  
d y e s  c o u ld  n o t  i n  many c a s e s  be  a c c o u n te d  f o r  m e re ly  by 
d i f f e r e n c e s  i n  c h e m ic a l  r e a c t i v i t y  o f  t h e  i n d i v i d u a l  dye 
m o le c u le s .  T h is  i s  e v i d e n t  from  a  com p ariso n  o f  t h e  
r e l a t i v e  o x i d a t i o n  and  r e d u c t i o n  r a t e s  o f  t h e  v a r i o u s  s e r i e s
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i n  s o l u t i o n  w i th  t h e i r  f a d i n g  r a t e s  i n  m e th y l  e t h y l  
c e l l u l o s e  and g e l a t i n  r e s p e c t i v e l y  (T a b le  I ) .  N e i t h e r  con 
V a r i a t i o n s  i n  l i g h t  a b s o r p t i o n  a c c o u n t  f o r  t h e  d i f f e r e n c e s *  
i n  m ost c a s e s  t h e  d y es  com pared have t h e  same s p e c t r a l  
a b s o r p t i o n .  F u r t h e r ,  t h e  e x p o s u re s  w ere  made s i d e - b y - s i d e  
u n d e r  i d e n t i c a l  c o n d i t i o n s ,  o b v i a t i n g  t h e  p o s s i b i l i t y  o f  any 
V a r i a t i o n s  i n  i l l u m i n a t i o n ,  c o n d i t i o n s  o f  t h e  a tm o sp h e re  
d u r in g  i r r a d i a t i o n  o r  i n  t h e  s t a t e  o f  t h e  s u b s t r a t e .  T hat 
t h e  d i f f e r e n c e s  do o r i g i n a t e  i n  t h e  p h y s i c a l  s t a t e  o f  t h e  
d y es  i s  d e m o n s t ra te d  by t h e  f a c t  t h a t  t h e y  a g r e e  l a r g e l y  
w i th  t h e  p r e d i c t i o n s  made above f o r  h e te r o g e n e o u s  dyo 
s y s te m s .
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Relative Rot«> of Ocgrodctton of Scrlc» of Azo Dyw.—
Dye. O jj^tioo. Reduction. Methyl P |jg^H ulote. C kjg t^^
HTq Olo  ^ ‘23e^ 46t^ <>3^  >2 32
I E  O o ^  2S^X)f^M  ^  93  S5
I E  O lo ^  43e^7D ri'2g° 5-1 175
H  3 0 o ?  30^l*0f®C>8g 21 95
IE  160^ y ^ e ^ f ,  0 4 Ï  7 0  4 0
M  *20o‘O o; 36c| O-Tb 12d :  39 52
W  ‘l4o 'O o^ l'3c' 3'5b 0 9 d  25 27
Vflq Oo^ I6c^ ^ S l 53 83
m  -060^  4 6 6 4 I ^  *30
2S â Olh' 0 8 j]  03e',05lSp*-^®50dve3l M5 -OS
VHTE 0-3h -IZj -**-e 32k 05g  20d , 15 43
K . *331 42 250
20o ' Mb 450 —
XrVb 4 0 o  l*7bj 4 5 0  —
^Vo 4 0 o ' 2-25 1250 6(0
X2B l2o -27b 500  565
Too  l-Bo' 0 6 b  —  470
X7I^ hOo' 18 b' —  520
Too  0-5a‘ 30c' DOb 12 27
XVIIb O6o' 21c' 22  b 4-0 (75
M q 17b' SO c'oçJ 65 130
WilTB 33o' 6-Sc' Ob 2 0  170
Detoils of oxidotion ond réduction tests:
I. 0-2SCC dye solutior%(oO( + reoger^t, ot room temp. 
ZOSOcc. .
3  O-IOoc. "
4 0 2 5 c c  
5 -
6. -
+ 2cc Pyridine,ot room temp. 
+ 4cc. Ethonol, '  - .
♦ 4oc. Acetone, ' -
Reagents:
a  8cc.(2aA NaOChb 8cc(2 S/)T!Og& ôtcpOZ^SnClg;
& ;i6oc(<>2ïlN.y5^2.*oc.(2-Sjt)TiClÿÛ.8oc(SOÏ)IÇ^;
i  8 « t(5 0 5 * k ÿ ^ ;^6 o c .l2 5 X > < ^Ç ^t6 ca(5 < )]I)N a^ ;t8 e t(lO ïfT h ie)u riou eo Diodde.
O Dccoiorisation too rapid torncosore. 




The eonolusloixB  r e a c h e d  I n  t h e  p r e s e n t  i n v e s t i g a t i o n  
n a y  he  summa r i s e d  t h u s i -
The t h e o r e t i c a l  m odel i s  shown t o  r e p r e s e n t  f a i r l y  w e l l  
t h e  n a t u r e  o f  dy e - p a r t i  o l e  grow th  w i t h  i n c r e a s e  i n  c o n c e n t r a ­
t i o n .
A l l  n o rm a l d y e - s u b s t r a t e  sy s tem s  i n  t h e  a i r - d r y  s t a t e  
c o n t a i n  some o f  t h e  dye i n  t h e  fo rm  o f  d i s c r e t e  a g g r e g a t e s  
o r  c r y s t a l s .  The im provem ent i n  l i g h t  f a s t n e s s  e x h i b i t e d  
by  a  w a t e r - s o l u b l e  dye when th e  p o r o s i t y  o f  a  s u b s t r a t e  i s  
i n c r e a s e d  i s  a t t r i b u t e d  t o  t h e  f o i m a t i o n  o f  l a r g e r  a g g r e g a t e s  
o f  dye  i n  t h e  d ry  s u b s t r a t e .
Those d y e - s u b s t r a t e  sy s tem s  p r e p a re d  by  a d s o r p t i o n  o f  a  
s o l u b l e  dye from  s o l u t i o n ,  w h e th e r  s u b s e q u e n t ly  i n s o l u b i l i s e d  
o r  n o t ,  a r e  h e te r o g e n e o u s ,  and c o n t a in  a  s m a l l  p r o p o r t i o n  o f  
m o l e c u l a r l y  d i s p e r s e d  d y e , p re su m a b ly  a d s o rb e d  a s  a  m o n o la y e r ,  
w i th  t h e  re m a in d e r  b e in g  p r e s e n t  a s  a g g r e g a t e s  i n  a  r a n g e  o f  
s i z e s .
The f a d i n g  r a t e  o f  t h e s e  sy s tem s  v a r i e s  w i t h  c o n c e n t r a ­
t i o n  i n  a  m anner c h a r a c t e r i s t i c  o f  t h e  ra n g e  o f  d i s t r i b u t i o n  
o f  p a r t i c l e  s i z e s  o f  dye p r e s e n t ,  w i t h i n  t h e  l i m i t s  im posed  
by  t h e  t h e o r e t i c a l  m odel sy s te m .
D y e - s u b s t r a t e  sy s te m s  o b e y in g  t h e  n o rm a l p h o to c h e m ic a l
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law s  f o r  i d e a l  s y s te m s  a r e  c o m p a r a t iv e ly  r a r e  and a r e  fo u n d  
o n ly  i n  t h e  c a s e  o f  w a t e r - i n s o l u b l e  m erocy a n in e  d y e s  i n  
s o l i d  s o l u t i o n  i n  c o l l o d i o n  and p o s s i b l y  i n  c e r t a i n  h y d ro ­
p h i l i c  s u b s t r a t e s  dyed w i t h  h i g h l y  s u r f a c e - a c t i v e  d y e s .
T hese s y s te m s  show a b n o rm a lly  r a p i d  f a d i n g  and a  low  r a t e  o f  
d e c r e a s e  o f  f a d i n g  r a t e  w i th  i n c r e a s e  o f  dye c o n c e n t r a t i o n .
A dye m o le c u le  h a v in g  a  h y d ro p h o b ic  n u c l e u s  w i th  t h e  
i o n i c  g roup  o r  g ro u p s  l o c a t e d  a t  one end t e n d s  t o  fo rm  a  
m o n o la y e r  a t  a  w a te r  i n t e r f a c e  (C am eron), and t h e  p r e s e n t  
r e s u l t s  show t h a t  t h e  r a t e  o f  f a d i n g  i s  a l s o  i n c r e a s e d  
th e re b y *  T h is  g e n e r a l  p r i n c i p l e  a p p e a r s  t o  a p p ly  t o  a l l  
t h e  s e r i e s  o f  d y es  exam ined  i n  t h e  l a t t e r  p a r t  o f  t h i s  w ork .
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APPENDIX
The L ig h t  F a s t  ne a s  o f  Dyes a p p l i e d  a s  P ig m e n ts .
On t h e  b a s i s  o f  t h e  a rg u m en t o f  t h e  m ain  p a r t  o f  t h i s  
work i t  would be  e x p e c te d  t h a t  any c o l o u r i n g  m a t t e r  a p p l i e d  
i n  a  range- o f  c o n c e n t r a t i o n s  a s  a  p ig m e n t» w here i t  i s  n o t  
i n  s o l u t i o n  a t  any p a r t  o f  t h e  p r o c e s s ,  s h o u ld  g iv e  a  
h o r i z o n t a l  OP c u r v e ,  i # o .  t h e  l i g h t  f a s t n e s s  s h o u ld  n o t  f a l l  
w i th  d e c r e a s e  i n  c o n c e n t r a t i o n  a s  i t  n o r m a l ly  d o e s .  I t  i s  
t o  be  e x p e c te d  t h a t  h ig h  l i g h t  f a s t n e s s  a t  low d e p th s  o f  
c o l o u r  w i l l  t h e r e f o r e  be  o b t a in e d  by u s e  o f  p ig m en t d i s p e r ­
s i o n s  r a t h e r  t h a n  by a  d y e in g  p r o c e s s .  T here  a r e  c e r t a i n  
f a c t o r s ,  how ever, w h ich  may t e n d  to  p r e v e n t  e q u a l i t y  o f  f a s t ­
n e s s  o v e r  a  r a n g e  o f  c o n c e n t r a t i o n s  o f  a  p ig m e n t .
I n  t h e  f i r s t  p l a c e ,  a d j a c e n t  p a r t i c l e s  may s c r e e n  ea ch  
o t h e r  f ro m  t h e  l i g h t  t o  an i n c r e a s i n g  e x t e n t  a s  t h e  co ncen ­
t r a t i o n  r i s e s ,  p a r t i c u l a r l y  i f  t h e y  a r e  n o t  e v e n ly  s p r e a d ,  
a s  i s  v e r y  l i k e l y  t o  be th e  c a s e ,  clum ps o f  dye b e in g  p r e s e n t .  
Thus a  p ig m en t d i s p e r s i o n  may be more e f f e c t i v e l y  a g g r e g a te d  
a t  h i g h e r  c o n c e n t r a t i o n s  t h a n  a t  low , a l t h o u g h  t h e  o r i g i n a l  
p a r t i c l e s  re m a in  t h e  same s i z e .  I n  t h e  m o sa ic  s c r e e n  p r o c e s s  
o f  c o lo u r  p h o to g ra p h y  an a n a lo g o u s  c a s e  w i l l  be  fo u n d  i n  w h ich  
a  s c r e e n  c o n s i s t i n g  o f  a  p r i n t e d  r e s e a u  o f  c o l o u r  r e c t a n g l e s  
i s  fo u n d  to  g iv e  a  f i n e r  r e s o l u t i o n  i n  t h e  im age t h a n  one
( i l )
c o n s i s t i n g  o f  a  random m ix tu r e  o f  p a r t i c l e s ,  ev en  th o u g h  
t h e s e  a r e  i n d i v i d u a l l y  f i n e r  t h a n  t h e  r e c t a n g l e s  o f  t h e  
r e s e a u ;  t h e  r e a s o n  f o r  t h i s  i s  t h a t  t h e  p a r t i c l e s  fo rm  many 
i r r e g u l a r  c lum ps, a c c o r d in g  to  t h e  law s  o f  p r o b a b i l i t y .
S e c o n d ly ,  d i f f e r e n t i a l  m i g r a t i o n  o f  p ig m en t p a r t i c l e s  
may o c c u r  d u r in g  th e  d r y in g  p r o c e s s ,  p a r t i c u l a r l y  i n  t h e  c a s e  
o f  f i l m s  a s  u se d  i n  t h i s  w ork . Thus i n  F i g . 82 t h e  p ig m e n ts  
d i s p e r s e d  i n  m e th y l  e t h y l  c e l l u l o s e  ( C e l l o f a s  A, I . G #I#) 
f i l m s  g iv e  a  OF cu rv e  w i th  s l i g h t l y  s t e e p e r  s lo p e  t h a n  th o s e  
i n  g e l a t i n ,  b e c a u se  t h e  l a t t e r  s e t s  more r a p i d l y  and so 
h i n d e r s  m i g r a t i o n .  F u r t h e r ,  two s e r i e s  o f  a z o ic - d y e d  
V is c o s e  f i b r e s  were o b ta in e d  (by c o u r t e s y  o f  C o u r ta u ld s  L t d . ) ,  
one s e r i e s  dyed by t h e  no rm al m ethod and t h e  o t h e r  sp u n -d y ed  
(dye i n c o r p o r a t e d  i n  t h e  s p in n in g  p r o c e s s ) .  The n o rm a l ly  
dyed  m a t e r i a l  showed to  some e x t e n t  t h e  e x p e c te d  r e g u l a r  
i n c r e a s e  i n  f a s t n e s s  w i th  i n c r e a s e d  c o n c e n t r a t i o n  ( F i g . B t ) .
The sp u n -d y ed  m a t e r i a l  gave r a t h e r  i r r e g u l a r  r e s u l t s ,  due 
p e r h a p s  to  p r a c t i c a l  d i f f i c u l t i e s  i n  u n i fo rm  i r r a d i a t i o n  and 
i n  r e f l e c t a n c e  m easurem ent o f  t h e  m a t e r i a l  i n  t h e  fo rm  o f  
unwoven y a m .
Some o f  t h e  p igm ent i t s e l f  was o b ta in e d  and c a s t  i n  
g e l a t i n  and m e th y l  e t h y l  c e l l u l o s e  f i l m s  i n  t h e  u s u a l  m an n e r . 
F u r t h e r ,  s t r i p s  o f  C e llo p h a n e  w ere dyed a s  d e s c r i b e d  
p r e v i o u s l y  (page  50) w i th  t h e  com ponents  o f  t h e  above p ig m e n t .  
The p igm en t d i s p e r s i o n  i n  m e th y l  e t h y l  c e l l u l o s e  gave a
( I l l )
s l i g h t l y  s t e e p e r  s lo p e  o f  OF c u rv e  t h a n  t h e  g e l a t i n  f i l m s ,  
a s  o b s e rv e d  e a r l i e r .  The e z o io -d y e d  C e l lo p h a n e ,  how ever, 
gave  an  a lm o s t  f l a t  OF c u rv e  end a l s o  a  h i g h e r  l i g h t  f a s t ­
n e s s  t h a n  b o t h  d i s p e r s i o n s .  The low  s lo p e  o f  t h e  OF c u rv e  
i n d i c a t e s  t h e  g ro w th  o f  d y e - p a r t i c l e s  o f  u n i fo rm  s i z e  
d i s t r i b u t i o n ,  b u t  i t  would h ave  b ee n  e x p e c te d  t h a t  t h e  l i g h t  
f a s t n e s s  would be lo w e r  i n  t h e  c a s e  o f  C e l lo p h a n e ,  t h e  
p a r t i c l e s  o f  p igm en t b e in g  assum ed to  be s m a l l e r .
P ig m e n ts  u se d  i n  p a i n t s  a r e  u s u a l l y  much l e s s  f a s t  t o  
l i g h t  i n  p a l e  sh a d e s  th a n  i n  deep  ( l . C . I .  ) ,  and t h i s  may bo 
a t t r i b u t e d  t o  t h e  i n f l u e n c e  o f  o t h e r  p h o to c h e m ic a l ly  
r e a c t i v e  i n g r e d i e n t s  ( e . g .  e x t e n d e r s )  i n  t h e  f i l m ,  w hich  a r e  
n e c e s s a r i l y  p r e s e n t  i n  r e l a t i v e l y  i n c r e a s i n g  q u a n t i t i e s  w i th  
d e c r e a s i n g  p ig m en t s t r e n g t h .
I t  may be  c o n c lu d e d ,  how ever, t h a t  p ig m en t d i s p e r s i o n s  
a p p l i e d  i n  f i l m s  o r  t o  f i b r e s  do t e n d  t o  g iv e  f l a t t e r  OF o r  
CFt (w here f a s t n e s s  r a t i n g s  a r e  u s e d  i n s t e a d  o f  t im e  f o r  a  
g iv e n  p e r c e n ta g e  f a d e )  c u r v e s  t h a n  d y e s .  T h is  i s  shown i n  
F i g .  10, and f o r  f i b r e s ,  t h e  d a t a  on H e l i a a r i n  c o l o u r s  may 
be  c i t e d .  I t  i s  c l e a r  ( F i g . 83 ) t h a t  t h e  H e l i z a r i n  p ig m e n ts  
do g iv e  a  much f l a t t e r  CFt c u rv e  t h a n  t h e  m ost co m p arab le  
s e t  o f  v a t  d y e s ,  w h ich  a r e  a p p l i e d  f ro m  s o l u t i o n .  (These 
l a t t e r  d y es  w ere s e l e c t e d  a t  random fro m  t h e  p a t t e r n  c a rd  t o  
hav e  t h e  same mean g ra d e  i n  deep  s h a d e s  a s  t h e  H e l i z a r i n
(IV)
c o l o u r s .  They c o m p rise  I n d a n th r e n  Y e llo w  7GK, 4GP, 
O range ERTS, P3R, 4R, Red GG, FEB, B r i l l i a n t  P in k  BBL, 
R uhine  GR, B, B ordeaux  B , T u rq u o is e  ELue 3GE, B r i l l i a n t  
G reen  B, FEB, GO, E a ro o n  BR, Grey REE).
COMfMkRISON O f  VISUAL AND SPCCTROPHOTOMeTRIC DETERMINATIONS
OF FADE.
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R«Utiv« initia) dy« concn. în film C^ , as optical dantity of axtracta 
(o) meroCyanin* dy* I in collodion
(b) meroCyanina dy# I pracipitatad in mathylethylcallulosa
(c) meroCyanina dya I pracipitatad in gelatin
(d) meroCyanina dya I disparsad in mathylathylcallulote
(e) meroCyanina dya I disparsad in gelatin
(f) p-Anisidina-a2-naphthol in collodion
(g) p-Anisidina-+l-naphthoi precipitated in mathylathyicallulose 







Cf, as optical density
m-Chloroanilina-Hi-naphthylamida of
2  i3-hyoro%ynaphtliolc acid
(Brantamina Fast Orange GC-»-Branthol AN (ICI) )
(û) Umsoapad (b) Soaped
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Co. as optical dsnsity
m-ChloroanIlina—^a-naphtlwlamida of 2:3>hydroicynaphthoic acid 
(Brantamina Fast Orange GG-*#ranthol AN (ICI) )
(a) Untreated (b) Steeped in water overnight (c) Soaped
m-Chloroanilina-wnilide of 2J-hydroxynaphthoic acid 
(Brantamina ^ t  O rw ja  GC-^Branthol AS (ICI) )(d)
FiQ.l4-0r
Untreated (e) Soaped 
Curves for Axolo Dyes on Cellophane
□xl
Concentration4 Uniform pmrticle-aize distribution system5 Constant particie-cpncentration systemC Unsymmetrical particle-frowth system
Direction of incidence of light in C
F ig . 15- Id e a l  S y s te m s  o f  G ro w th  o f  D y e  P a r t i c le s  w ith  In c re a se  in  




Th$or#ticml curves for systems A, B, C respectively
Pldi. P*Qi, PjO|. Pjd4 -  . . . .
Typical curves obtained in practice














Cq, u  optic&l density
(a) Caledon Green 7G (ICI)— untreated
(b) Caledon Green 7G ( I C I ^  treated with cinnamic acid
(c) Caledon Yellow GN (ICI)—untreated
(d) Caledon Yellow GN (ICI)— treated with cinnamic acid
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Cg, as optical density 
(o) Untreated (b) Soaped 
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Cg, relative molar concn.
(o) Untreated dye
(b) Molybdophosphoric acid lake (equimolar)
(c) Molybdophosphoric acid lake (25% molar excess of acid)
Fio. 2 0 — Of Curves of Victoria Blue BO in Lithographic Varnish 
Film
Cg, as optical density 
(a) Untreated (b) Soaped 
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Cq, ms opticml density
(a) Normal film (b) Gel film, fresh
F ig. Jtl —Cf .' Curves for Chlorazol Sky Blue FF (ICI) on Cellophane 
Film of Different Porosities (o)
0 4  0 6 0 8 i 0
Cg, ms opticml density
NormmI fiim (b) Gel film, fresh
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Cg, ms opticml density
20
Cg, ms opticml density
(o ) , NormmI film
(b) Gel film, fresh
(c) Gel film, mged
F ic . ; t3 - C r ' Curves for Chlorazol Sky Blue FF (ICI) on Ceilopliane 
Film of Different Porosities
#  NormmI film 
0  Gel film, aged
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Cq, u  optical density
(a) Normal film (b) Gel film, fresh
Fia. 21 — Cf . ' Curves for Chlorazol Sky Blue FF (ICI) on Cellophane 
Film of Different Porosities
0 4 0 6 0 8 10
Cq, as optical density
(a) Normal film (b) Gel film, fresh
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Cg, as optical density
(o) _ Normal film
(b) Get film, fresh
(c) Gel film, aged
Fio. 2 3 —C f  Curves for Chlorazol Sky Blue FF (ICI) on Cellopliane 
Film of Different Porosities
t'
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4 0
02 0-4 01
Cq, as optical density
20
#  Normal film 
3  Gel film, aged





160 80 40-20 1
Relative dye concn. in fibre, as optical density at 
aq. pyridine extracts
#  Ordinary viscose rayon 
O Durafil 
O  Tenasco
2 =  5400A. of 30%
F ig . i s — Belatiouship between Concentration of Chlorazol Rose B (ICI) and Reflectance of Viscose Rayon Fabrics
100 -  
80 -
0  * 4oL
20
10
0 1 0 2  0 4 0 6 0 8  10 2 0 3 0
Relative dye concn.in fibre, as optical density at 2 =  ^500 A. of H^SO, soln. 
#  Ordinary viscose rayon 
O Durafil 
# ;  Tenasco
Flo. — Relationship between Concentration of Chlorazol Sky Blue 
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Relative dye concn. in fibre, as optical density at 6000 A. of 30% aq. 
pyridine extracts
#  Standard viscose rayon 
Ù Low-swelling fibre 
(# Strong fibre
Fi«i.27 — Relationship between Concentration of Chlorazol Sky Blue 
I  F and Reflectance of Viscose Rayon Fabrics ' '
60 f-
tc 10
0 6  0 8  I 00 4 200 2 30
Relative dye concn. in fibre, as optical density at 2 =  6500 A. of 
HgSO^ soln,
#  Ordinary viscose rayon 
O Durafil 
#) Tenasco
X DurafU after 40 hr. exposure
F ig, JtS — Relationship between Concentration of Chlorazol Fast Hello 
2RK (ICI) and Reflectance of Viscose Rayon Fabrics
i3 0CI 04 08 1602
#  Normal vitcoco rayon 
2 Durafil
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#  Normal via 
O  Durafll 
Tanasco







#  Standard viscose rayon 
O  Low-sweliin* fibre 
4) Strong fibre
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#  Normal viscose rayon 
O  Durafll





005 0 10 020 040 080 I 60
Initial reflectance value, optical density scale
 —  Coontassie Brilliant Blue G on filnr*
 # ------- Coomassie Violet 2R on H2SO4 film
 #  Coomassie Brilliant Blue G on H^CrO^ film
 C   Coomassie Violet 2R on HjCrO^ film
Fig. 3 3 — Cf Curves for Acid Wool Dyes on Anodised Aluminiuiii 
Films
IOC
0 1 0 2 0 4 0 6 0 8 10 2 0
Cq, g. dye on 100 g. fibre
#  Untreated 
C  Crease-resisted
Fig. 54 '— Cr Curves for Durazol Red 2B (ICI) on Viscose Rayon 
(Visual Estimation)
100
0 4 0 6 0 8 10 400 1 02 20
20
200 4 0 6 0 8 10020 1
Q , g dye per 100 g. film
Untreated 
V Aftertreated with Metabol O 
#  Aftertreated with Fixanol C
.5 5 — ( t » iirv.-s for Clilurazol sky blue FF on Cellophane Film
Cf), g. dye per 100 g. film
(a) Chlorazol Brilliant Orange 3R, untreated
(b) Chlorazol Brilliant Orange 3R, aftertreated with Fixanol C 
(cj Chlorazol Copper Blue B, untreated
(d) Chlorazol Copper Blue B, aftertreated with Fixanol C













   Untreated
  A(t*rtreated with Metabol O








(a) Chlorazol Brilliant Orange 3R, untreated
(b) Chlorazol Brilliant Orange 3R, aftertreated with Fixanol C
(c) Chlorazol Copper Blue B, untreated
(d) Chlorazol Copper Blue B, aftertreated with Fixanol C
F k ; .3 8 — T'iglit A b so rp tio n  C urves fo r D ire c t C o tto n  D y e s  
o n  C eliophane  F iim
F,G  %7 — L îK ht A b so rp tio n  C u r \e s  fo r C h lorazo l S ky  B in e  F F  on  
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Time, hr.
J Typical Puding-rate Curves for Fabrice (Chlorazol Rky Blue
 FF on Normal Viscose Rayon Fabric)
Fio, 3 ^ — Typical FatRng rate Curves for Transparent Films 
(mffofSanine Dve in Collodion Film)
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a Dy: Iltd on Collodion 
b Dy: N on Collodion.
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d Oy« II on MftKyl Ethyl CdlulOM.
The braàcn lines on: piotted vdth log o p t density os oidinates. 
Rg4L Foding-roie Curves tor Azo Dy* on Vbrious SubstitAcs.
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02“




^  Dye Hie
Ag42 Light Absorption Curves tor Dy* 
m pyridine.
Urne
A. MonolayB'and «ndkw toggrtgatcslbding—  first order 
a  Largest oggrcgotcs toding — jpproocWng zero order
(i) Plotted with concn. ordinotc.
(ii) • - log. concn. ordinate.
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#  Mdhyi Ethyl Celtata#*.
O Gctallnc.
Rg.46 Log Rot* Cunm for Fading of Bntatomln* Hid B-^Br«nlhol AT nkormtan*.
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Dy# XX on Golotln#
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Dy# XXI on Golotln#
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Flo.SO—E n e rg y  D is tr ib u tio n  C u rv e  o f  O s ira  (G .E iC .) 400-w . L a m p . 
A sm a ll a m o u n t  o f  c o n tin u o u s  ra d ia t io n  (too  s m a ll to  a p p e a r  o n  th is  
s c a le ) o c cu rs  th ro u g h o u t  th e  s p e c tru m
80r
Hr
0 6  0 8  lO0 2 0 4
a Dye II on Collodion.
b Dye II on Methyl Ethyl Cellulose, 
c D ^ Hid on Collodion, 
d Dye lllc on Collodion.
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a Dye VMa b Dye 
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o Dye VNo 
b Dye VIb
c Dye VWo « Cetyl IHmcthyl Ammonimn Bromide 
d Dye VWb*
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Na carbon atom» in attached okyl sidcchoin.
0  Oyc-Mrin XV on Methyl Ethyl CcMom .
@ Dye*»fri«»XV on Getatin.
0  Oyc-Mrics IV on Gelatin,
C Dye-ierie* IV on Methyl Ethyl Cellulo»c.
#  Dye-serictlll on Methyl Ethyl CdlJosc.
O Dye-wrie» III on Gelatin.
RgTQ Rekltionihip between Fading Time and Length of Attoched Alkyl 
Chain, a t Con#tant Initial Concentration.
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w a v e le n g th  k.
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•  O«per%lon in Gekitin*. C  Dispersion in Methyl Ethyl CcNuiost. 
O  Dyed on Cellophane.
Fig83, CF Curves for Azoic-Dyed Tronsporent Substrates.
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Relative Shode Depth.
0 3 20 3-0
18 Heiizorin dye* printed os pigments on spun viscose rayon. 
l8  Indonthrcn vat dyes applied to cotton from the vot.(A random 
selection of these dyes hoving identiool Ibstness to the 
Heiizorin dyes in heovy shodes).
FlgB3^ Relolionship between Shode Depth ond Meon ugh t Postrtess of 
Woter-insoluble Dyes applied in Insoluble ond m Temporarily 
Solubilised Forms
